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BACTERIAL PUSTULE OF SOYBEAN! 


By Freperick A. WoLr 


Botanist, North Carolina Agricultural Experiment Station 


INTRODUCTION 


Diseases of the soybean, Soja maz 
(L.) Piper, have for several years been 
the subject of investigation by the 
writer and his colleagues at the North 
Carolina Agricultural Experiment Sta- 
tion (2, 3, 8, 11, 16, 17)2 Among 
those which have been given special 
study is a leafspot to which the ap- 
propriate name “bacterial pustule”’ 
has been applied. This leafspot dis- 
ease was first briefly described (4) in 
1922 by Florence Hedges. In this 
preliminary report, Miss Hedges de- 
signated the causal organism Bac- 
terium phaseoli var. sojense and stated 
that a paper covering the results of her 
investigations was in preparation (6). 
It might be anticipated that the present 
report would confirm in all essential 
features that of Miss Hedges. Should 
it contribute nothing new to the 
knowledge of this disease and _ its 
causal organism, nevertheless it is 
believed to have a definite value since 
the investigations have been conducted 
entirely independently. It is the 
writer’s purpose, therefore, to embody 
in this paper a description of the disease, 
an account of its relation to other 
soybean leafspots of bacterial origin, 
studies on its etiology, and on the 
morphology and physiology of the 
causal organism. 


HISTORY AND DISTRIBUTION 


definite knowledge of the occur- 
rence of this disease dates from Miss 
Hedges’s isolation, from specimens sent 
from Texas in 1917, of a yellow organ- 
ism very closely resembling Bacterium 
phaseoli E. F. Smith. However, a bac- 
terial leafspot of soybean which was 
assumed to be due to Bacterium pha- 
seoli was mentioned as long ago as 
1904 (12). The isolations upon which 
this report was based were made two 
years earlier (13, p. 280) from diseased 
soybeans taken from two localities, one 
near Charleston, S. C., and the other 
near Washington, D.C. The organism 
isolated at that time was not proved by 
inoculafion experiments to be patho- 


genic, and therefore its relation to the 
leafspot can not now be satisfactorily 
determined. This problem is further 
complicated by the fact that other bac- 
terial organisms have recently been 
found to be pathogenic to soybean. 
The first of these diseases to be care- 
fully investigated was a bacteriosis (9) 
which manifests itself by the formation 
of lesions both on stems and _ pods. 
Those on the stems are especially char- 
acteristic, since they girdle them in a 
manner suggesting the blackleg disease 
of potatoes. The pathogen, Bacillus 
lathyri Manns and Taubenhaus, is 
identical with the one which causes the 
“streak ’’ disease of sweet pea, Lathyrus 
odoratus L. It is a yellow organism 
but has very different morphological] 
and cultural characters from the soy- 
bean organism under consideration. 

As will be shown later, the appear- 
ance of bacterial pustule has little in 
common in any stage of development 
with that of bacterial blight as de- 
scribed by Miss Coerper (/) or by the 
writer (16). The causal organisms 
identified as Bacterium glycineum by 
the former and as Bact. sojae by the 
latter are both white and are thus 
sasily separable from the  pustule 
organism; but in the case of old 
lesions caused by Bact. sojae the tissues 
are always occupied also by a yellow, 
one-flagellate organism (/6) which 
may be a source of confusion as to the 
primary cause. It might be indicated 
at this point that although the bac- 
terial blight diseases caused by Bact. 
glycineum and Bact. sojae are very 
similar in appearance, the causal 
organisms are readily distinguishable 
and specifically distinct, as has been 
shown by certain cultural studies (//, 
7, d#)s 

Mention has been made in several 
previously published accounts of bac- 
terial diseases of soybeans in the 
Orient. A _ bacteriosis has recently 
been recorded (10) by Miura, a Japa- 
nese investigator, as occurring in Man- 
churia. His description of the dis- 
ease accords with the appearance of 
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bacterial blight, and he furthermore 
expresses the opinion that the disease 
in Manchuria is the same as that found 
in America. He also records the occur- 
rence of this bacteriosis in other parts 
of China and Japan. 

In 1921 another Japanese investi- 
gator, Takimoto (14), published a 
comprehensive account of his investi- 
gations on a bacterial disease of soy- 
beans which he had had under observa- 
tion since 1914. This disease mani- 
fests itself by the formation of nu- 
merous small, angular, dark-brown leaf- 
spots with chlorotic intervening tissues. 
Lesions may also form along the veins 
and extend along them making dark 
streaks. Black, sunken areas forth 
upon both petioles and stems. These 
symptoms, as he points out, are quite 
different from bacterial blight in 
America. The organism which he iso- 
lated was proved to be pathogenic not 
only to soybean in all stages of its 
growth, but also to Adzuki bean, Pha- 
seolus angularis Willd. Takimoto does 
not assign a name to the bacterium 
which he had under observation, but 
does compare it morphologically and 
physiologically with published accounts 
of Bacterium glycineum, as described 
by Miss Coerper, Bact. sojae, as de- 
scribed by the writer, and Pesudomonas 
glycineum, as described by Nakano,’ 
who isolated the organism in 1916 from 
collections made in Kumamoto pre- 
fecture. He concludes that it is most 
like Bact. sojae, but differs from it in 
the absence of a capsule, in its failure 
to effect a change in milk, and in its 
growth in the closed arm of fermenta- 
tion tubes containing dextrose, sac- 
charese, and mannite. It is doubtful 
whether these differences would be con- 
firmed were both forms in the hands of 
one investigator; and it remains for 
subsequent investigation to determine 
the identity of the organism of Taki- 
moto and Bacterium sojae and whether 
either or both are identical with Pseu- 
domonas glycineum Nakano.‘ Cer- 
tainly none of these are like the soy- 
bean bacterial pustule, as will become 
apparent when they are compared 
with the description of the appearance 
of this disease and with the cultural 
characters of the causal organism. 

Bacterial pustule is known to occur 
in Texas, Virginia, Kansas, South 
Carolina, and Louisiana (3, 4). It 
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has been collected from a sufficient 
number of localities in North Carolina 
to warrant the belief that it is generally 
prevalent throughout the State. 


APPEARANCE OF THE DISEASE 


Soybean pustule has not been 
observed upon the stems and pods, but 
upon the foliage only. Soybeans in 
all stages of growth varying from the 
seedling stage to mature plants are 
subject to infection. The disease may 
appear upon the foliage in any stage 
of maturity, but reaches its most de- 
structive stage of development at the 
time when the plants have reached 
their maximum vegetative growth. 

The first indication of the disease is 
the presence of minute elevations on 
either or both leaf surfaces (figs. 1 
and 2). These elevations themselves 
are light green in color. Soon a yel- 
lowish-green halo forms as a border at 
the base of each elevation. At this 
stage the lesions are easily distin- 
guished from those produced by Bac- 
terium glycineum and Bact.  sojae, 
neither of which causes the formation 
of pustules, and each of which, espe- 
cially in the early stages, causes the 
invaded tissues to be translucent. 
This is followed by the enlargement 
of the elevations to very prominent 
pustular outgrowths often extending 
above the leaf about twice as high as 
the thickness of the leaf (fig. 3). 
These raised portions soon collapse and, 
together with a portion of the sur- 
rounding invaded tissues, become brown. 
Ultimately, the lesions become angular 
to irregular reddish-brown areas which 
vary in size from minute specks to 
large irregular spots. These large 
areas arise by the fusion of lesions in 
case initial lesions are abundant. 
Lesions in all stages of development 
occur on the same leaflet. This indi- 
cates that the initial infections serve 
as the source of inoculum for secondary 
infections. 

The general aspect of the pustule 
disease in the late stages (Pls. 1, 2) is 
like that produced by the rust fungi, 
whereas bacterial blight lesions are 
dark brown to  brownish-black in 
color and tend to break out and fall 
away, thus making perforations or 
notches in the leaves. 





Mehane! 8 ones paper ‘hes not “a seen by the writer, nor does ies have a complete reference to it. 

These papers were translated by Mr. S. Yonemachu, a special student of textile manufacture at the 
North Carolina State College of Agriculture and Engineering. Grateful acknowledgment i#*herewith 
made of his kindness and courtesy in rendering this service. 








July 1 























Bacterial Pustule of Soybean Plate™1 


Bacterial pustule of soybean showing natural infection in various stages of development. 


























Bacterial Pustule of Soybean Plate 2 


Leaves, natural size, affected with bacterial pustule 








CAUSAL ORGANISM 
ISOLATION 


In preparations made by macerating 
lesions in a drop of water, the invaded 
tissues were found, upon microscopic 
examination, to be teeming with 
bacteria. These bacteria swarm out 
in such abundance as to cloud the water 
and form a _ turbid suspension, a 
phenomenon characteristic of diseases 
of bacterial origin. If an inoculum is 
prepared by direct maceration of 
young lesions in sterile water and a 
loopful of this inoculum is transferred 
to an agar plate and spread over its 
surface with a zigzag stroke, discrete 
colonies of the pathogen form near the 
end of the stroke. These can then be 
selected for transfer to tube cultures. 
A considerable number of strains were 
isolated by this procedure during the 
course of the present investigation. 
Subsequent comparative study of these 
strains to determine their cultural 
characters and their ability to infect 
soybean showed them all to be identi- 
cal. Since it was apparent from the 
preliminary studies that the soybean 
pustule organism is closely related to 
Bact. phaseoli, several strains were 
compared with Bact. phaseoli isolated 
from pod lesions of Lima bean, Phase- 
olus lunatus L., and garden bean, 
Phaseolus vulgaris L.; and with a 
strain of bean blight isolated by Miss 
Hedges. The following parallel studies 
of the morphology and physiology of 
all strains both from soybean and from 
Phaseolus show that all are practically 
identical. 


MORPHOLOGY 


VEGETATIVE CELLS.—The primary 
cause of soybean bacterial pustule is 
a yellow rod-shaped organism with 
rounded ends. Wheng,taken directly 
from lesions it is found to occur singly 
or in pairs, but tends in bouillon to 
form short chains. The organism 
stains readily with all of the more 
common bacteriological stains. When 
stained from 24-hour potato-agar cul- 
tures with carbol fuchsin, the elements 
are 1.3 to 2X0.6 to 0.75 u. Such 
preparations, too, show the presence 
of investing material, as is manifest 
also with Welch’s capsule stain; but 
this envelope can not be interpreted 
as indicating a well-defined capsule. 
When stained by Gram’s method, the 


Journal of Agricultural Research 





Vo’. XXIX No 2 


organism is decolorized. Endospores 
and marked involution forms have not 
been noted. 

When the organism from young 
lesions, from bouillon cultures, or from 
24-hour agar cultures is examined for 
motility, it is seen to possess the power 
of rather active locomotion. That 
this movement is due to the presence 
of a polar flagellum about twice the 
length of the cell has been demon- 
strated by several modifications of the 
method of Loeffler. 

CULTURAL CHARACTERS.—The vari- 
ous media employed in the cultural 
studies were prepared by the methods 
employed by the writer and his asso- 
ciates in their studies on the physiology 
of certain plant pathogenic bacteria 
(17). The nutrient broths contained 
1 per cent Difco peptone and 0.3 per 
cent Liebig’s beef extract; the nutrient 
agars the same, with the addition of 
1.8 per cent of bacto-agar. The hy- 
drion concentration of cooled media 
was measured colorimetrically and the 
media were not heated after adjust- 
ment of reaction. The carbon com- 
pounds were sterilized in distilled water 
and added with aseptic precautions to 
cooled media. The cultures were in- 
cubated at room temperatures which 
approximated 20° to 25° C. 

NuTRIENT AGAR.—The colonies,may 
appear in agar plates within 24 hours, 
but are not prominent, nor do they 
show the characteristic yellow color 
until they are 48 hours old. They 
are circular in outline with entire 
margins and a glistening surface but 
with no surface markings. Their con- 
sistency varies from nonviscid to 
slightly viscid. In potato agar or 
other nutrient agar containing 3 per 
cent or more of agar, the colonies are 
convex with internal markings (Pl. 3). 
With media of a low degree of viscosity, 
the colonies are flat and spreading with 
no striking internal convolutions. In 
agar slants the growth is filiform, 
spreading at the base of the slant, with 
an entire or somewhat contoured mar- 
gin, glistening and translucent. No 
odor is developed and the agar does 
not become pigmented. 

PoTaTo CYLINDERS.—On steamed po- 
tato cylinders, growth is first manifest 
by a faint yellowish streak. This 
becomes abundant within 24 to 36 
hours, is spreading, yellow, and has a 
striking whitish zone along the border 
of the growth. Within six to eight 
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Bacterial Pustule of Soybean Plate 3 


Bacterium phaseoli var. sojense in plate cultures showing difference in appearance due to difference in 
viscosity of agar. The upper culture contains 1.8 per cent agar, the lower contains 5 per cent agar. All 
other conditions are identical. 
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days the cylinder will have collapsed, 
and when this collapsed tissue is tested 
with Lugol’s solution the starch will be 
found to have disappeared, showing 
that the pathogen possesses strong 
diastatic properties. An ocular dem- 
onstration of the ability of the pustule- 
forming bacterium to hydrolyze starch 
may be made by growth in plate culture 
on beef extract agar plus 0.2 per cent 
of soluble starch. If the plates are 
flooded with iodine solution after a 
week’s incubation, a broad clear zone 
surrounding the colonies will indicate 
the area in which the starch has been 
destroyed by enzym activity. 


MiLx.—Plain sterilized milk becomes 
separated into whey and curd, and the 
curd is slowly digested. The first evi- 
dence of these enzymatic activities is 
the appearance of a thin layer of clear 
whey just at the surface and below the 
pseudozoogloeal surface growth. As 
the curd forms, it slowly settles. Cul- 
tures three weeks old will have cleared 
with at most a small quantity of 
curd at the bottom of the culture tube. 


Litmus MILK.—Lavender-colored lit- 
mus milk undergoes the same type 
of clearing and separation into whey 
and curd as does plain milk. Little 
or no free acid is formed, or at least 
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is not formed in sufficient quantity to 
change the color of the indicator. 
CaRBON METABOLISM.—In the pre- 
liminary tests on the fermentative 
ability of the soybean pustule organ- 
ism in which only the common sugars 
were employed, it was apparent that 
it could not by this means be separ- 
ated from Bacterium phaseoli. Accord- 
ingly, use was made in addition of 
certain rare sugars which have been 
successfully employed in distinguish- 
ing Bact. glycineum and Bact. sojae (11) 
and also Bact. sojae and Bact. trifoli- 
orum (7). Bouillon to which was 
added sufficient of the carbon com- 
pounds to make a 1 per cent solution 
was employed to follow the progressive 
changes in hydrion concentration as 
an index to fermentative activity. 
The sugar was added to cooled, sterile 
bouillon flasked in convenient quan- 
tities and was tubed with aseptic pre- 
eautions in previously sterilized test 
tubes. All were made from the same 
stock bouillon and a_ considerable 
number of cultures of each strain were 
made on the same day. This made 
possible the employment of several 
tubes of each strain. at each reading 
at each of the consecutive intervals. 
The results of these fermentation 
tests are assembled in Tables I to IV. 


TaBLe I.—Fermentation of various carbon compounds by the organisms from 
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8days | 5days | 7 days | 11 days |. 13 days 
7.0 70 7.0 | 74 7.6 
7.0 7.0 7.0 | 7.4 | 7.6 
7:0 7.0 7.0 | 7.2 7.4 
7.0 7.0 7.0 | 7.2 7.4 
7.0 7.0 7.2 | 7.6 | 7.8 
7.0 7.0 7.0 | 7.2 7.4 
7.0 7.0 7.2 | 7.4 7.6 
7.0 7.0 7.2 | 7.6 7.8 
7.0 7.0 7.0 | 7.4 7.6 
7.0 7.0 7.0 7.4 7.6 
7.0 7.0 7.0 7.6 7.8 
7.0 7.0 7.2 7.6 7.8 
7.0 7.0 | 7.2 7.4 7.8 








TaBLE II.—Fermentation of the same various carbon compounds by Bact. phaseoli 
from snap bean (initial -Py 7.0) 





Carbon compound 
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Age of culture and Px concentration 








| 
3days | 5days | 7days | 11 days | 13 days 
7.0 | 7.0 7.2 7.3 7.4 
7.0 | 7.0 7.2 7.2 7.4 
7.0 | 7.0 | 7.2 7.6 7.6 
7.0 | 7.0 | 7.0 7.2 7.4 
7.0 | 7.0 | 2a 7.4 7.6 
7.0 7.0 | 7.2 7.4 7.6 
7.0 | 7.0 7.2 7.4 7.6 
7.0 7.0 7.2 7.4 7.6 
7.0 7.0 | 7.2 7.4 7.6 
7.0 | 7.0 | 7.2 7.4 7.6 
7.0 | 7.0 7.2 7.4 7.6 
7.0 | 7.0 7.2 7.4 7.6 
7.0 | 7.0 7.2 7.4 7.6 
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TasLe III.—Fermentation of various carbon compounds by Bact. phaseoli from 
Lima bean (initial Pq 7.0) 





Carbon compound 
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Glycerin....-. 
Arabinose. . - - 
RPM ccdnces 
Rhamnose.--- 
Dextrin......- 
Salicin........- 
Mannitol... .- 
Inulin.....--. 
Galactose... - 





Age of culture and Px concentration 





| 

| 3 days | 5 days 7days 11 days | 13 days 

oO ae + 

7.0 | 7.0 7.2 7.4 7.6 
7.0 | 7.0 7.2 7.4 7.6 
7.0 | 7.0 7.2 | 7.4 7.6 
7.0 | 7.0 "2 7.4 7.6 
7.0 7.0 7.2 7.4 7.6 
7.0 7.0 7.0 7.2 7.4 
7.0 7.0 7.2 7.4 7.6 
7.0 7.0 7.2 7.4 7.8 
7.0 | 7.0 7.2 7.4 7.6 
7.0 7.0 7.2 7.4 7.6 
7.0 7.0 7.2 7.4 7.8 
7.0 7.0 7.3 7.4 7.8 
7.0 7.0 7.2 7.2 7.4 








TABLE IV.—Fermentation of various carbon compounds by strain of Bact. phaseoli 
from Washington, D. C. (initial Py 7.0) 





Carbon compound 


Dextrose......... 
Saccharose- - 
Lactose..--. 
Maltose - - - 
Glycerin... 
Arabinose. - 
Xylose - - .- 
Rhamnose- - 
Dextrin... 
Salicin._._- 
Mannitol. - 
Inulin ....- 
Galactose... -- 


Age of culture and Pu concentration 





3 days 5days | 7days | 11 days | 13 days 
7.0 7.0 7.0 7.2 7.4 
7.0 7.0 7.0 7.2 7.4 
7.0 7.0 7.0 FF 7.4 
7.0 7.0 7.0 ae 7.4 
7.0 7.0 7.0 7.4 7.4 
7.0 7.0 7.0 na 7.4 
7.0 7.0 7.0 7.3 7.4 
7.0 7.0 7.0 7.2 | 7.4 
7.0 7.0 7.0 | 7.2 | 7.6 
7.0 7.0 7.0 73 7.6 
7.0 7.0 7.0 7.2 7.4 
7.0 7.0 7.0 7.4 | 7.6 
7.0 7.0 7.0 7.2 | 7.4 





It is evident from an analysis of the 
data presented in these tables that the 
soybean pustule organism and the 
several strains of Bact. phaseoli are 
identical so far as concerns their 
inability to utilize any of these carbons 
as the source of energy and that they 
can not therefore be separated on their 
fermentation relations. The increase 
in alkalinity, as appears in all cultures 
with all sugars, develops from the 
decomposition of the proteins, as 
shown by growth in plain bouillon. 

GAS PRODUCTION.—These tests were 
conducted by using fermentation tubes 
filled with portions of the same solu- 
tions as were used in the fermentation 
tests. These tubes were sterilized 
prior to filling and were incubated for 
48 hours after being filled to determine 
their freedom from contamination. 
They were then inoculated in sets of 
four with each of the several strains. 
No gas was developed in the case of 
any of the 13 carbon compounds, and 
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growth was sharply limited to the open 
arm in all media with each of the 
strains. 

NITROGEN METABOLISM.—Unfortu- 
nately, no considerable significance has 
been attached to the nitrogen meta- 
bolism of bacteria in relation to the 
determination of species. This matter 
has been based largely upon their 
fermentative ability. It would appear 
that plant pathogenic bacteria, es- 
pecially those which attack few or no 
carbon compounds, as is the case with 
those under consideration, might be 
separated upon the basis of differences 
in nitrogen metabolism were methods 
of study known. The writer’s attempts 
in this direction have been limited to 
the employment of a few nitrogenous 
compounds, added as nutrients to a 
stock synthetic agar. This agar was 
prepared according to the following 


formula: Distilled water, 1,000 cc.; 
magnesium sulphate, 0.5 gm.; di- 
potassium hydrogen phosphate, 1.0 





gm.; potassium chloride, 0.5 gm.; fer- 
rous sulphate, 0.01 gm.; agar, 20 gm. 

DIGESTION OF CASEIN.—Evidence in 
addition to that obtained in milk cul- 
tures of the ability of the organism 
from soybeans and Bact. phaseoli to 
digest casein was obtained by adding 
1 per cent casein to the stock agar 
in poured plate cultures. After a 
week’s incubation wide halos, in which 
the casein was entirely dissolved, had 
formed around the colonies, thus 
demonstrating the ability of these or- 
ganisms to form erepsin. 

DIGESTION OF ASPARAGIN.—Stock 
agar plus 1 per cent of asparagin was 
used in these tests. The indicator 
consisted of a sufficient quantity of 4 
per cent solution of rosolic acid, and 
sufficient NaOH was added to give the 
medium a decided orange color and a 
reaction of about Py 6.0. In poured 
plate cultures incubated for about 10 
days, the orange color gave way to a 
beautiful brilliant red. This change 
begins with a halo around each colony 
and comes to involve the entire plate. 
The change.in color is due to the libera- 
tion of ammonia in the decomposition 
of asparagin as a result of the activity 
of the enzym amidase. 

DIGESTION OF SERUM.—Blood serum 
added to stock agar in poured plate 
cultures was planted with the several 
strains of bacteria. This medium in 
cultures 7 to 10 days old serves as a 
satisfactory means of demonstrating 
the ability of these organisms to 
liquefy blood serum. 

LIQUEFACTION OF GELATIN.—Growth 
in stab cultures on gelatin is slow, but 
within a period of two weeks the gela- 
tin to a depth of about a centimeter 
will have become liquefied. Liquefac- 
tion begins as an infundibuliform area. 

REDUCTION OF NITRATES.—Nitrate 
broth consisting of 1 per cent peptone, 
0.3 per cent beef extract, and 0.1 per 
cent potassium nitrate supports abun- 
dant growth. No indication of ni- 
trites was secured when the tests at 
appropriate intervals were made with 
sulphanilic-acid solution or with naph- 
thylamine acetate solution. 

InpoL Ppropuction.—No indication 
of indol was secured by either the 
Salkowski, Vanilin, or Ehrlich test. 

THERMAL DEATH-POINT.—In deter- 
mining the thermal death-point, tubes 
of bouillon Py 6.6 were inoculated from 
vigorously growing bouillon -cultures 
and subjected for 10 minutes in the 
usual manner to various trial tempera- 
tures. As a result of these tests, and 
under these conditions, the thermal 
death-point was found to be 50°C, 
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RESISTANCE TO DESICCATION 


An inoculum of the soybean organ- 
ism from cultures on potato cylinders 
48 hours old was suspended in sterile 
water and drops of this suspension were 
transferred to sterile cover glasses kept 
in sterile Petri dishes. After desicca- 
tion at laboratory temperatures certain 
of these cover glasses were, at definite 
intervals, inserted into tubes of nutrient 
broth. Growth appeared after 18 
days’ desiccation, hence the organism 
may be regarded as very resistant to 
drying. 

PATHOGENICITY 


Only a few pathogenicity trials were 
made. Pure cultures from young 
transfers on potato agar were sus- 
pended in sterile water, and this bac- 
terial suspension was applied with an 
atomizer. When inoculations were 
made late in the afternoon and the 
plants were covered until the following 
morning with bell jars, a large number 
of centers of infection developed. 
The first evidence of infection was 
noted within four to six days, appear- 
ing as tiny elevations. Within a week 
later these had developed into typical 
lesions. From these the original organ- 
ism was reisolated in trials with several 
of the strains. Plants in all stages of 
development from those with the first 
pair of true leaves to plants with mature 
foliage are subject to infection with 
yure cultures. Both garden beans and 
Line beans have been inoculated in the 
same manner, and in some cases with a 
portion of the same inoculum; but no 
evidences of infection have been ob- 
served on these inoculated plants. 

When Bacterium phaseoli was em- 
ployed as an inoculum on Phaseolus 
and on soybeans, an abundance of 
typical bean-blight lesions developed 
upon both the foliage and pods of 
Lima bean and of garden bean but no 
evidence of pathogenicity to soy- 
beans was noted. 

Miss Hedges has reported (4, 5) the 
production of infection on soybeans 
and several varieties of garden beans 
following inoculation with pure cultures 
of the soybean pustule organism. The 
spots on Phaseolus were like those 
caused by Bact. phaseoli with no evi- 
dence of pustule formation such as oc- 
curs on soybean. She furthermore has 
found that Bact. phaseoli from Phaseoe 
lus is only weakly pathogenic to soy- 
bean. 

The differences in regard to cross 
inoculation are no ‘doubt due to 
conditions of inoculation. This opin- 
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ion is supported by the fact that it has 
been impossible to separate the soy- 
bean organism from bean blight mor- 
phologically and culturally. It seems 
advisable, therefore, to regard the 
soybean organism as a variety of Bact. 
phaseoli. 


RELATION OF PARASITE TO HOST 
TISSUE 


Lesions which were appropriately 
fixed in alcohol, embedded, sectioned, 
and stained with alcoholic methylene 
blue were employed in_ histological 
studies. Entrance of the parasite is 
very manifestly effected through the 
stomates which occur on both leaf 


mesophyll, may be involved. The 
physiological phenomena which attend 
these hypertrophic changes are de- 
pendent no doubt upon certain enzy- 
matic activities which involve both the 
cell walls and the cell contents. The 
parasite and host relationship and thus 
the proximate cause of pustule forma- 
tion is believed to be analagous to 
that which obtains in the case of 
citrous canker caused by Pseudomonas 
citri (15). In the case of this organism 
evidence has been advanced that both 
cytolytic and diastatic enzyms are 
secreted. Through their activity these 
modify the osmotic properties of in- 
vaded cells and thereby are responsible 
for their enlargement. 


Fic. 4.—Invasion of substomatal cavity by Bact. phaseoli var. sojense 


_ 
surfaces, as evidenced by the fact that 
the substomatal chamber and _ the 
intercellular spaces of the tissues 
immediately surrounding the stomata 
in the case of young lesions are densely 
filled with bacteria (fig. 4). In the 
older lesions, after the host cells have 
collapsed, the bacteria are not confined 
to the intercellular spaces, but occur 
within the cell cavities. These phe- 
nomena are entirely in accord with 
those known to occur in the case of 
nearly all plant bacterial pathogens 
which invade parenchyma. So far as 
pustule formation is concerned, how- 
ever, the writer’s observations are not 
in agreement with the statement made 
by Miss Hedges (4) that the pustules 
show both hypertrophy and hyper- 
plasia. The preparations in hand 
show that these elevations arise wholly 
from hypertrophy and without hyper- 
plasia. Any or all of the tissues, 
epidermal, palisade parenchyma and 


RESUME OF SALIENT CHARACTERS 


On the basis of the foregoing studies, 
Bact. phaseoli var. sojense is a rod- 
shaped organism occurring singly, in 
pairs, or catenulately: The cells meas- 
ure 1.3 to 2.00.6 to .75 uw, are motile 
by means of a single polar flagellum, 
possess no well-defined capsule nor 
endospores, are strictly aerobic and 
Gram-negative. Colonies on nutrient 
agar are circular, raised, smooth, shiny, 
yellow and have an entire or slightly 
lobed margin. The organism is ca- 
pable of liquefying gelatin and blood 
serum, digesting casein and asparagin, 
is strongly diastatic, very resistant to 
drying, nonnitrate reducing, and forms 
neither acid nor gas from the various 
carbon compounds. Its thermal death- 
point is approximately 50° C. It has 
not been possible in culture to dis- 
tinguish it from Bact. phaseoli. Ac- 
cording to the 1920 descriptive chart 
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of the Society of American Bacteriolo- 
gists its group number is 5322-31135- 
1333. 

SUMMARY 

(1) The present investigation con- 
cerns a leafspot disease of soybean 
called bacterial pustule, which is gener- 
ally prevalent in North Carolina. It 
is known to occur also in Texas, Loui- 
siana, South Carolina, Virginia, and 
Kansas. 

(2) The disease is distinct from bac- 
terial blight and from the diseases of 
bacterial origin which have been des- 
cribed in the Orient. 

(3) Bacterial pustule appears to be 
confined to the foliage. Lesions are 
manifested by the presence of pustular 
outgrowths on either or both leaf sur- 
faces. They are light green at first, but 
at maturity collapse and become dry and 
reddish brown, and the tissues surround- 
ing the lesions become chlorotic. 

(4) The disease is caused by an 
organism to which the name _ Bac- 
terium phaseoli var. sojense was first 
tentatively given by Miss Hedges. 
This organism is herein fully described 
and found to be morphologically and 
culturally indistinguishable from Bact. 
phaseoli E. F. Smith. It forms yellow- 
ish colonies on nutrient agar, is flagel- 
late, is unable to utilize any of the 
-arbon compounds tested except starch 
but can utilize a number of proteins 
including gelatin, casein, blood serum, 
and asparagin. According to the 
descriptive chart of 1920 of the 
American Society of Bacteriologists, 
its group number is 5322-31135-1333. 

(5) When the organism in watery 
suspension is applied to uninjured 
soybean, foliage infection is evident 
within four to six days. Under the 
same conditions of inoculation garden 
beans and Lima beans failed to become 
infected. 

(6) The parasite gains entrance 
through the stomates and passes 
thence into the intercellular spaces. 
The pustules arise by hypertrophic 
changes of any of the parenchymatous 
tissues, 
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THE CHEMICAL EXAMINATION OF VARIOUS PEAT MATE- 
RIALS BY MEANS OF FOOD STUFF ANALYSES! 


By A. P. Dacnnowsk1, Physiologist, Soil Bacteriology Investigations, Bureau of 
Plant Industry, United States Department of Agriculture 


INTRODUCTION 


Several studies have been made in the 
past few years, and are still being 
conducted, with the object of accumu- 
lating information concerning funda- 
mental differences in peat lands and 
their relation to agriculture. Promi- 
nent among these studies are those 
dealing with type profiles of peat 
deposits; that is, with the number of 
different kinds of peat, their position 
and arrangement relative to one 
another, in deposits in different parts of 
the country. Results thus far secured 
lead to the conclusion that any ade- 
quate description of peat land and the 
several layers composing it must recog- 
nize three fundamental facts: (1) The 
differences in type of peat and the pro- 
file position of the materials; (2) the 
water level in its relation to the surface 
zone of oxidation and the lower zone of 
reducing action; (3) nature of the 
mineral subsoil and the water supply 
affecting the quantity and character 
of salts, such as lime, iron, sulphur, ete. 


CHEMICAL ANALYSES OF VARIOUS 
KINDS OF PEAT 


The following study was undertaken 
to obtain data on the differences in the 
principal groups of organic compounds 
of several types of peat layers and to 
establish, if possible, standards for 
grading types of peat as to stage of 
decomposition and relative agricul- 
tural value. In determining the rela- 
tive usefulness of different kinds of 
peat, for example, to microorganisms 
and higher plants, it is necessary to find 
adequate means of indicating the 
amount of different organic substances 
which the various layers of peat actu- 
ally contain. It is obviously impor- 
tant to know what variation may be 


expected in the layers of peat in dif- 
ferent regions of the country in varying 
stages of decomposition, and at differ- 
ent depths. Likewise it is evident that 
the composition of any layer of peat, 
whether stated in terms of calories, of 
soluble organic material, or of insoluble 
residue, contributes toward a basis for 
judgment and for securing standards 
of value for commercial peat products. 

The simplest means for compiling 
chemical composition records are analy- 
ses as made for crops and feeding stuffs, 
in accordance with official methods (1)? 
The results obtained in regard to the 
amount of crude protein, crude fiber, 
nitrogen-free extract, and fat present in 
different peats can be readily compared 
with those derived from analyses of 
plants and feeding stuffs. 

The results reported here * indicate 
that data of this kind are probably 
fully as important as those secured by 
other means for determining changes 
and losses of organic constituents in 
peat materials varying with composi- 
tion, stage of decay, and depth below 
the surface. In many particulars, 
however, the grouping under these 
terms of organic substances in different 
kinds of peat is unsatisfactory. The 
method does not give a sufficiently 
forceful illustration of the available 
organic compounds in plant remains 
now stored as layers of peat. It 
would, therefore, be preferable to 
differentiate between the several nitro- 
genous substances, carbohydrates and 
fats, and substitute a more accurate, 
though necessarily more complicated 
classification. 

Tables I and II represent the chemi- 
‘al composition of samples from typical 
lavers of peat obtained over a great 
portion of this country. A number of 
these types of peat have been illus- 
trated in a recent paper (9). 
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? Reference is made by number (italic) to ‘‘ Literature cited,” p. 81-83. 
’ The analytical work on this series of peat samples was done by G. L. Bidwell of the Cattle Food and 
Grain Investigation Laboratory, Bureau of Chemistry, U. S. Department of Agriculture. 
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TaBLeE I.—Foodstuff analyses of various peat materials 








g 
& 
5 
a 
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I. SEDIMENTARY FF 
Colloidal................| Fremont, Ind....... Gelatinous.........- 4 
Macerated.............. Lake Okeechobee, | Finely divided.....- 1 
a. 
Do..................| Middle River, Calif.| Coarsely divided....) 2 
Il. FIBROUS | 
se eee sp.) peat..| Chelsea, Mich.-..--- | Coarsely fibrous.....| 4 
hstnialidisiaeahereiamiin Corona, Minn-.-.....| Finely fibrous.......| 6 
De SEE ERS Deerfield, Wis_....-- |-Fibrous, partly car- | 3 
bonized. 
Sedge ( Cladium sp.)....| Okeelanta, Fla___-.- | Coarsely fibrous-..-- 2 
Sedge (Scirpus sp.).....| Middle River, Calif.| Fibrous, partly de- | 2 
| _composec 
as > caersanned sp.).--| Plymouth, Ohio-_.... LS eee 13 
binccdindanensbecabekalee Risdadcstccaedact de- | 0 
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7.71) 4.97 17.8130, 1636. 51:2. 84 
| 8. 99/18. 67 13. 63:23. 82 33. 79/1. 10 
6. 14/10, 88 18. 69 20. 89.42. 46 . 94 
‘11. 24) 7, 20 19, 63133. 20.28. 48) . 25 
| 9. 19/16. 06 14. 56 16. 80.42. 52) . 87 
ion ‘ie ae 
8.74) 3, 42/13. 13/21. 82.52. 18) .71 
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10. 97 16.68 17, 69} 9. 05,45. 20) . 44 


com ceed. | 
| Rare es | Wood County, Wis.) Fibrous, slightly de- 24 8, 29) 5. 31/11. 69| 17. 78)53. 15.3. 78 
composed. | | 
Brown moss (Hypna- | Phillips, Wis........ Fibrous, partly de- | 5 | 9. 84/19. 77) 9. 81/11. 71/46, 6312. 24 
ceaée Sp.). composed. | | 
DD sncausaaieniieiienael” Algoma, Miss. .-.-.-- ye 2 Ito. 76| 7. 54)13. 94/23. 19/43. 82) . 75 
Bog aan (Sphagnum | Fairbanks, Alaska...) Coarsely fibrous... -- | 1 | 9, 66] 3.80! 4. 03/41. 86/38. 99 1. 66 
sp.). | | | 
RG Snbcenshocbeuwen | pm tag a didwbad 2 | 1 | 9,82) 2.54) 2. 75/40. 69/42. 73/1. 47 
aes oe ee Fibrous, partly de- | 2 | 9.43) 1.07) 4.38/30. 2152. 941. 97 
composed. } | 
Il, WOODY | | | 
Heath shrub and sedge.) Charlevoix, Mich. . 4 rer decomposed. . 12 181 2.98) 9. 94/20. 81/54. 943. 16 
Forest peat (coniferous). Margie, 1 Capa aay 5 aac aap 344) 10. $1 6. 38/10. 13/24. 67/46. 08/1. 93 
eee | Charlevoix, Mich. .-|.... = amehsinemaaail |13. 97|18. 89) 10. 44/17. 55|37. 66/1. 49 
Forest peat (mixed) <727) Winamac, Ind -__-.. uargely decomposed.) 244/10. 82/22. 84/10. 69/15. 70/39. 51) 44 











TaBLeE II.—Relation of carbonaceous to nitrogenous material in different types of 
peat examined by means of foodstuff analyses—calculated on a moisture and 


ash free basis 













| Depth 


“a 
| 
Type of peat | Locality | below 
| surface | 
| 
I. SEDIMENTARY Feet 
II. os. ciciintlhs<tnedeendl | Freemont, Ind_..__.-- 4 
ES | Lake Okeechobee, Fla.| 1 
o_o RE | Middle River, Calif... 2 
Il. FIBROUS | | 
mae, pad |S Pee | Chelsea, Mich. 4 
Corona, Minn. 6 
De ou Deerfield, 3 
Sedge ( Cladium sp.).. ist Okeelanta, Fla 2 
Sedge (Scirpus sp.) ..... Middle River, Calif__- 2 
Reed (Phragmites sp.)......--. | Plymouth, Ohio....... 3 | 
— “Muck” (Phragmites een i cstudeiduscdesas 0 
sp.). 
Reed (Phragmites sp.)........| Wood Constr, Wes 2% 
Brown moss (Hypnaceae) a+, , ae 5 
_ ee eee Minn naan 2 
Bog moss (Sphagnum sp.)....| Fairbanks, Alaska... 1 
Ds «mina nite» inne 3s acoder Minn Lceaiibuastibaoke 1 
eae ic coe Calais, Me............ 2 
Ill, WOODY | 
Heath shrub and sedge. ......| Charlevoix, Mich 2 
Forest o en “| Margie, Minn._.... 3% 
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Organic matter | 


| Nitro- ~ | Ratio 

‘i | gen- | ec. 
Fiber | free | Fat to N 

| extract | 
38.23 | 30.71) 0.91 2.2 
24.67 | 47.69 26 2.6 
22.36 | 56.41 1.80 4.0 
34.54 41.81 | 3.25 3.7 
32.98 | 46.71 | 1.52) 4.2 
25.17 | 51.18] 1.13 3.1 
40.71 | 34.91) .31 3.0 
22.47 56.89] 1.16 | 4.0 
24.84 | 59.40 | 81! 5.6 
12.50 | 62.45 | 61 3.0 
20.58! 61.51| 4.38 6.0 
16.64 | 66.24 | 3.18 5.9 
28.38 | 53.64) .92 4.8 
48.37 | 45.05 | 1.92 20.0 
46.43 | 48.75 | 1.68 30.3 
33.75 | 5015) 221 19.0 

| 

| | 
23.41 | 61.84/ 3.56 7.6 
29.79 | 55. 65 | 2.33 6.9 
26.14 | 56.09! 2.22 5.2 
23.67 | 59.56) .66 5.1 





@ The terms Cc and Ni in this column are used as a numerical expression 1 of the relation of crude de fiber and 
nitrogen-free extract to crude protein. 
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At this time only a few of the prin- 
cipal groups of plant products can be 
considered, and but a few examples of 
the chief kinds of peat material have 
been examined. his new matter, 
however, offers a basis for reviewing the 
results of some of the more recent peat 
investigations made by various workers. 
Although the aims of sectional workers 
are divergent, their contributions are 
necessarily interdependent. Tenta- 
tively these and the results of the pres- 
ent series of analyses are summarized 
and discussed in relation to (1) nitrog- 
enous substances in various types of 
peat; (2) nonnitrogenous substances, 
including crude fiber and nitrogen-free 
extract; (3) ether-alcohol extract; and 
(4) mineral matter. 

The search for new facts concerning 
the physical, chemical, and bacteriologi- 
cal qualities of the various layers of 
peat should take into account all the 
basic facts and conclusions which are 
of importance to practical workers in 
peat land utilization. 


NITROGENOUS SUBSTANCES 
DIFFERENT PEAT MATERIALS 


IN 


The nitrogenous substances in peat 
materials are of interest agriculturally 
and industrially in several ways. One 
to five per cent of organic nitrogen may 
be found in peat, but little of this is 
available as plant food. Jodidi (21), 
Stutzer (50), and others have shown 
that nitrates are not present in freshly 
dug peat materials. The quantity of 
nitrogen as ammonia is very small, 
ranging from a few thousandths to a 
few hundredths of 1 per cent of 
nitrogen. The water solubility of 
peat nitrogen varies within wide limits. 
More nitrogen can be extracted from a 
sample of peat in a finely divided state 
than from a coarse fibrous or woody 
type of material. Peat digested at 
higher temperature and pressure in an 
autoclave gives a larger amount of 
water-soluble nitrogen. The amounts 
and concentration of acid or alkaline re- 
agents, the duration of digestion, as 
well as other methods of manipulation 
in the laboratory have un influence 
upon the percentage of nitrogenous 
bodies that can be extracted from peat 
materials. The relative value of 
peat materials containing high amounts 
of these compounds depends on the 
means by which the nitrogenous sub- 
stances in peat layers can be ex- 
tracted by distillation and obtained as 
ammonia, or otherwise can be con- 
verted into an available source of plant 
food. It has long been known that a 
composting procedure of some kind 












must be adopted to make peat nitro- 
gen easily accessible either for crops 
grown upon peat land, or for plants 
grown on mineral soils to which peat 
is applied for the production of humus. 

The nitrogenous substances in peat 
materials are very complex, because 
in addition to the nitrogenous con- 
stituents of plants, bacteria, and 
molds, the layers of peat also contain 
the remains of animals of various kinds. 
On account of their great variety and 
complexity little more than a beginning 
has been made in determining the 
differences in the composition of nitro- 
genous bodies in organic materials. 
The extreme complexity and variety 
of the organic compounds in soils has 
been demonstrated mainly through 
the work of Schreiner and his collab- 
orators (46). Only recently, however, 
investigations have been undertaken 
upon the nature of these compounds in 
the different kinds of peat and upon 
the variations in the availability of 
their nitrogen. 

In peat the crude protein may con- 
sist of a large proportion of inert sub- 
stances of animal origin. A very consid- 
erable part of this fraction in sedimen- 
tary types of peat is frequently due 
to the admixture of chitinous com- 
pounds derived from certain seeds, 
fungi, insects, the egg cases and skeletal 
portions of various crustaceous, and 
other forms of plankton life. Birge 
and Juday (3, p. 31) report that crude 
fiber derived from plankton crustacea 
yielded 5.9 to 6.2 per cent of nitrogen. 

his material is relatively unhydrolyz- 
able and has a low decomposition value. 

In air-dried peat materials, the crude 
protein constitutes from 2.75 per cent 
to 19.63 per cent of the organic matter 
(Table I). The results show clearly 
that the range of variation is largest in 
the fibrous group of peat materials. 
Sphagnum peats yield the smallest per- 
centage, varying from a little more 
than 2 to about 4.5 per cent. In com- 
parison with these the sedge and reed 
peats yielded over 11 to 19.63 per cent. 
On the other hand, woody and sedi- 
mentary types of peat average only 
about 11 per cent. 

Table II shows the variations in 
crude protein when stated on a mois- 
ture and ash-free basis. The maxi- 
mum of 30.15 per cent is found in 
the gelatinous peat from Fremont, 
Ind., and the minimum percentage in 
the sphagnum peats from Culver, 
Minn., Fairbanks, Alaska, and Calais, 
Me. Peats of the sedge, reed, and 
woody types contain from 12 to 24 
per cent of crude protein. Taken as 
a whole, the results show distinct dif- 
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ferences in the percentage of crude 
protein among the three chief groups 
of peat materials. There is a consider- 
able increase in the amount of crude 
protein, from 14.95 to 24.44 per cent, 
in the reed peat from Ohio in its raw 
condition, and after it has been trans- 
formed into ‘“‘muck”’ by cultivation. 

In the present state of our knowledge 
concerning the particular type of 
nitrogenous compounds in different 
types of peat the term crude protein 
is inadequate to cope with the accumu- 
lated facts. For reasons given in the 
following section not much significance 
can be attached to the amounts of 
crude protein obtained, at least in so 
far as the agricultural use of this 
material is concerned. , 

The proteins and amides are sub- 
divided on the basis of the nature of 
their products of hydrolysis and upon 
the solubilities of the individual com- 
pounds. Fora rough division the-nitro- 
gen insoluble in lead-acetate solution 
is considered protein nitrogen. The 
nitrogen that is evolved as ammonia 
upon treatment with acid, subse- 
quently distilled by potash but not by 
calcium carbonate, is considered as 
amide nitrogen. However, it is not 
yet well understood to what extent 
these terms may be applied to the 
fractions obtained from the different 
kinds of peat. 

A review dealing with the study of 
proteins and amides in soils and peat is 
available in the literature given be- 
low; hence it is unnecessary to go 
into any detail here. As early as 
1844 Mulder (34), continuing the in- 
vestigations made by Einhof, Sprengel, 
and others, pointed out that the organic 
nitrogenous material in soils is largely 
of protein origin. Later, Detmer 
(10) observed that a considerable por- 
tion of this nitrogen could be liberated 
by adding nitrous acid. Jodidi (21) 
determined the relative quantities of 
mono- and diamino-acid nitrogen to- 
gether with the nitrogen obtained as 
ammonia from a fibrous sedge peat. 
Similarly Suzuki (5/1) reported that he 
isolated such compounds in a material 
derived from peat. Robinson (38) 
found that treatment of peat with 
acid, and lengthening the time of hy- 
drolysis increased the amount of 
amino nitrogen, until it reached a 
constant maximum. Robinson con- 
cluded that in comparison with ordi- 
nary proteins the amino group of peat 
nitrogen did not exist free but in some 
resistant form of combination which 
differed radically from the acid amides. 
Gortner (16), working with three differ- 
ent but undetermined kinds of peat, ob- 


tained a maximum of 7.5 per cent of tota] 
nitrogen soluble in 1 per cent hydro- 
chloric acid, and an average of 3.78 per 
cent; in five samples of unchanged 
vegetable materials (oat straw, alfalfa 
hay, oak leaves, sweet-fern leaves and 
grasses from a peat bog) he found a 
maximum of 34.58 per cent and an 
average of 20.10 per cent. According 
to Gortner, these findings would in- 
dicate that in the humification of 
vegetable materials there is a decrease 
in total nitrogen soluble in very dilute 
acids. Later, Morrow and Gortner 
(33) studied the amounts of the various 
forms of nitrogen isolated from samples 
of sphagnum peat and from material 
to be identified, it seems, as sedge and 
sedimentary types of peat. It is quite 
possible that a4 material designated 
by the authors a “sphagnum peat and 
subsoil’? would “ found to consist of 
a layer of sphagnum on sedge peat, 
and that the ‘‘caleareous black peat’”’ 
is of pond-formed origin, while the 
analyzed ‘‘muck”’ is sedge peat under 
cultivation. 

Miller and Robinson (39) divided the 
acid soluble nitrogen in peat materials 
into ammonia nitrogen, acid amide nitro- 
gen, and amino nitrogen, calling atten- 
tion to the fact that the largest two frac- 
tions are the acid amides and the mono- 
amino acids. They further point out 
that, contrary to a statement fre- 
quently found in the literature, there 
is no regular increase in nitrogen con- 
tent with depth or age of the peat 
material, the fluctuations being de- 
termined rather by differences in the 
botanical. composition of the various 
layers of peat. These results are in 
accordance with those of Zailer and 
Wilk (53), Bersch (2), Minssen (32), 
and others, outlined in Bulletin 802 (8). 

In regard to the decomposition of 
peat materials, the results of both 
American and Eurasian peat investi- 
gations are of much interest. They 
indicate that during the accumulation 
of plant remains as peat, the protein 
bodies are profoundly altered. Con- 
tinued submersion of layers of peat in 
water renders difficult the conversion of 
their nitrogen into ammonia. A high 
water level precludes both oxidation of 
the compounds involved and favorable 
bacterial activity. When submerged, 
the transition of the plant remains to 
peat materials is usually a rapid one; 
this also accounts for the greater 
stability of peat nitrogen. Many of 
these substances remain unavailable 
even after the water-logged layers of 
peat haye been drained and aerated. 
Some of the nitrogen may be split off 
by heating, steaming, or treating the 
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peat material with acids or alkalis. 
But at present this method is not an 


economical one. By composting peat 
with manure, sewage, or other plant 
and animal waste products, however, a 
relatively large portion of the peat 
nitrogen may be made soluble, and may 
be mineralized by the action of bac- 
teria and fungi. Thus far the bacteri- 
ology of this process has received but 
scant attention. 


NONNITROGENOUS SUBSTANCES IN 
VARIOUS KINDS OF PEAT 


Carbohydrates constitute the major 
portion of the organic material in 
plants as well as in peat, and they 
form one of the most important sources 
of energy for microorganisms. The 
carbohydrates include the lignose or 
woody portion of plant products, the 
cellulose with related forms, the 
pentoses corresponding to sugars, the 
pentosans usually associated with 
starches and celluloses, and many non- 
nitrogenous acids. Although certain 
groups of plants produce a character- 
istic diversity of carbohydrates, yet 
all these substances are closely related 
chemically, being composed of the 
same elements. 

Due to the comparatively large 
amount of carbonaceous compounds 
in layers of peat, the fermentation and 
carbonization of this type of raw 
organic materials is advocated. Car- 
bonized peat acts as an absorbent for 
unerystallized residues from beet and 
cane-sugar refining. Charred material 
of this kind has been used in the 
United States as an ingredient in the 
preparation of commercial feed with 
cottonseed meal and molasses, thus 
permitting the feeding of large quan- 
tities of these materials to livestock 
and poultry. It is claimed that prop- 
erly prepared, carbonized peat con- 
tains valuable nutritive ingredients 
and acts as a corrective and preventive 
in livestock diseases. The investiga- 
tions of Kellner (23), Goy (17), Stutzer 
(50), Godden (14), and others have 
shown that as a matter of fact peat 
does not have any particular nutritive 

value when used as a basis for stock 
feed, whether in raw condition, treated 
with acid, or carbonized. 

The possibility of using dried and 
charred peat as a diluent with mineral 
fertilizers or with tankage, and the use 
of peat innoculated with bacteria in 
compounding of commercial fertilizers 
is also a matter of considerable interest. 
Much depends upon adequate general 
information, and upon devising new 
and more effecient methods for deter- 








mining the grade and value of the 
several kinds of peat material used in 
such products. 

The course of decomposition of peat 
layers through bacterial action is 
greatly influenced by the relative con- 
tent and quality of nonnitrogenous and 
nitrogenous substances. In regard to 
the carbon-nitrogen ratio Zailer and 
Wilk (53) and Bersch (2) have found 
that the relation of these two elements 
does not change with the depth of a 
peat deposit, but varies with the botan- 
ical composition of the peat-forming 
plant remains. The conclusion to be 
drawn from the results reported in 
Tables II and III is in accordance with 
these authors. As in other cases, dis- 
cussed below, peat deposits with an 
irregular and complex pedomorphic 
profile show no regularity between 
carbon-nitrogen value and depth or 
age of the peat material. However, 
when a deposit is examined which has 
the same _ botanical composition 
throughout, the investigations show a 
tendency toward the attainment of a 
maximum value of carbon and nitrogen, 
and a minimum for oxygen and hydro- 
gen. 

Little is known regarding the com- 
plex of factors which would enable 
one to designate peat materials as 
superior, good, fair, or poor in quality. 
In this country it has not been deter- 
mined experimentally whether peat 
materials with a wide carbon-nitrogen 
ratio are more or less waluable than 
those with a narrow ratio of carbona- 
ceous and nitrogenous material. Infor- 
mation presented by Léhnis (26) makes 
it very probable that peat materials 
with comparatively large quantities of 
carbonaceous compounds and relatively 
low amounts of nitrogen are not as 
advantageous as those in which the re- 
lation of nitrogen to carbon is a nar- 
rower one. 

The data in Table II indicate that 
under similar conditions peat layers de- 
rived from sedges, reeds, hypnum 
mosses, and woody plant remains in 
which the average relation of C:N is 
equal to 6 or 10:1 are of a better grade 
and would make better “muck” dur- 
ing soil-forming processes than the 
layers of sphagnum peat in which the 
relation of nonnitrogenous to nitroge- 
nous matter is as 20:1. These results 
also show that the sedimentary, finely 
divided pond-formed layers of peat 
possess a very narrow range of about 
2C:1N. The largest variation is in the 
fibrous group of peat materials. 

These facts support the information 
conveyed in Bulletin 802 (8) relating 
to the economic rank or value and the 
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relative agricultural possibilities of the 
several types of peat in this country. 
The presence of a narrow carbon-nitro- 
gen ratio in sedimentary kinds of peat, 
as in the case of intensively cultivated 
fibrous and woody “muck”’ soils, 
may be considered to show not 
only advanced decomposition but also 
a deficiency in fresh carbonaceous ma- 
terials. To restore a more balanced 
ratio, an application of green manure 
might be advantageous. On the other 
hand, organic materials of a wide ratio, 
such as represented by the sphagnum 
type of peat, may not favor decompo- 
sition processes or an increase in nitro- 
gen except upon the addition of peat 
materials of much narrower carbon- 
nitrogen ratio or upon the application 
of liquid stable manure, tankage, sew- 
age sludge, or mineral fertilizers sup- 
plying more soluble nitrogen. 

Since carbonaceous substances con- 
stitute by far the greater part of the 
organic matter in peat, the relative 
importance of some of the different 
forms of nonnitrogenous compounds 
deserves consideration. In the present 
method of classification the carbohy- 
drates are grouped as crude fiber and 
nitrogen-free extract. 

Crude fiber is the term applied to 
the more resistant lignose and cellulose 
substances of plant products. It is 
determined by digesting a sample 
successively with weak acid and alkali 
(1.25 per cent) and by washing out the 
soluble material. What remains un- 
dissolved, free from ash, is termed 
crude fiber. The analytical data 
obtained on various types of air-dried 
peat are shown in Table I. A very 
considerable portion of the fibrous 
light types of peat derived from 
mosses, sedges, and reeds, constitutes 
crude fiber. The largest percentage 
is 41.86, found in the sphagnum peat 
from Alaska. Partially disintegrated 
phases of the fibrous group of peat 
contain relatively less fiber. The well- 
decomposed and cultivated “muck” 
derived from reed peat yields the 
minimum of 9.05 per cent. The de- 
crease noticeable in the amount of 
crude fiber varies with the degree of 
decomposition rather than with age or 
depth of the peat layer below the sur- 
face. To a great extent, the plant 
remains in shrub and forest peat also 
are fiber; homogeneous structureless 
peat material of sedimentary origin 
likewise responds to this test. Finely 
divided, gelatinous peat and _ the 
coarsely macerated water-laid organic 
matter furnish between 12 to 15 






per cent of crude fiber. The differ- 
ences between the quantity of crude 
fiber are of similar magnitude when ex- 
pressed in terms of ash and moisture- 
free materials (Table II). The amount 
of crude fiber ranges from a minimum 
of 12.5 per cent in the reed ‘‘muck”’ 
from Ohio, to a maximum of 48.37 
per cent in the Alaska sphagnum peat. 
In general, the percentage is com- 
paratively lower the greater the degree 
of decomposition. 

Chemical analyses show _ that 
pentosan forms a considerable portion 
of the fiber component; it is usually 
associated with cellulose. Peat ma- 
terials yield measurable amounts of 
furfural when distilled with hydro- 
chloric acid, the furfural being collected 
as the phloroglucide, and the result 
calculated to pentosan. This con- 
stituent belongs to a complex less 
stable towards decay, diminishing in 
percentage progressively as the peat 
material becomes chemically altered. 
Von Feilitzen and Tollens (12) have 
shown that pentosans and methyl 
pentosans are quite generally present 
in layers of peat and that sphagnum 
mosses or the upper and less decom- 
posed horizons of sphagnum peat con- 
tained as much as 14.7 per cent 
and 12.75 per cent of pentosans, 
respectively. As a rule these high 
percentages were accompanied by rela- 
tively high percentages of nitrogen. 
Leavitt (25) obtained pentosans in 
appreciable amounts from a _ peat 
material of the Florida Everglades. 
Since the amount of pentosan present 
in most plant products is roughly in 
proportion to the amount of fiber, 
von Feilitzen and Tollens (12) sug- 
gested the possibility of employing 
the pentosan determination as a 
means for indicating quantitatively 
the degree of decomposition of peat 
materials. In the light of Rose and 
Lisse’s work (40) and the investigation 
extended by Gorbenko (15), it may 
now be accepted that the assumption 
is justified by proof. According to 
Street (49), it is possible to adopt the 
phloroglucin method in use for the 
determination of pentosans in cattle 
feed, as a means of detecting the 
presence of peat in commercial ferti- 
lizers. 

The outstanding components of 
crude fiber are lignose and cellulose 
substances. Both classes of material 
have been found in peat by various 
investigators. 

The lignose group of organic mate- 
rials consists of a base of true cellulose 





4 The filtering of the fiber proved to be very difficult on account of the gelatinous nature of the treated 


peat Sample. 
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which in the course of time has been 
altered by the addition either of en- 
crusting substances or of chemically 
combined noncellulose constituents. 
Hence the lignose materials in plant 
remains are not definite compounds 
like cellulose, but vary in composition 
owing to the thickening of the cellulose 
surface by adsorption of different sub- 
stances from the sap in trees, shrubs, 
and other woody plants. The compo- 
sition of lignin has not been definitely 
determined; it is more resistant to 
decay and difficult to hydrolyze. 
Lignin is obtained by treating wood 
with strong hydrochloric acid in ac- 
cordance with the method of Will- 
stitter and Zechmeister (52). The 
insoluble portion contains a methoxyl- 
yielding complex when treated with 
concentrated hydrochloric acid in the 
manner originally described by Zeisel 
(54). Methoxyl (CH,;0O) has been 
determined in the wood of a large 
number of trees by Ritter and Fleck 
(37), while Shorey and Lathrop (48) 
found it present in the organic matter 
of widely different mineral soils. But 
the fact that its occurrence bears a 
relation to lignocellulose tissue indi- 
cates that the quantity of methoxyl] in 
the organic matter of mineral soils and 
in that of different layers of peat varies 
with respect to the kind of vegetation 
that is the source of the lignose com- 
pounds, and with their persistence 
during the process of decay. As the 
decomposition of woody material pro- 
gresses, and the less stable cellulose 
disappears, an increase will become 
apparent in the methoxyl content. In 
the Velen peat deposit, which has 
been studied by Fischer and his co- 
workers (13), the quantity of methoxy] 
in sphagnum moss peat is less than that 
in the woody layers of peat; the sedi- 
mentary organic material from greater 
‘depths shows a corresponding increase 
in the methoxyl content of the portion 
insoluble in acid. The results recorded 
by Fischer are important also in that 
they show by the action of solvents a 
general agreement between the botan- 
ical composition of peat materials and 
their content in bitumen and in alkali- 
soluble material. The German inves- 
tigators point out that the methoxyl 
content does not vary necessarily with 
increasing depth but that it fluctuates, 
exhibiting, however, a tendency toward 
the attainment of a maximum value in 
woody plant remains. The results 
confirm the earlier work of Rose and 
Lisse (40). 

Cellulose is very common in the 
plants from which peat is derived. 
‘There are a great many varieties of 


cellulose, and hence the term must be 
taken as denoting a group (6). Evi- 
dence of the existence of cellulose in 
peat materials has been obtained by 
von Feilitzen and Tollens (12). Com- 
parative analysis showed that the cel- 
lulose content decreases during de- 
composition. The samples contained 
from 6.64 to 15.37 per cent of cellulose, 
those taken from layers below the sur- 
face of a peat deposit yielding the 
smaller percentage. Sphagnum moss 
contained from 20.8 to 21.42 per cent 
of cellulose. 

It has long been known that cellu- 
lose could be broken down into reduc- 
ing sugar by treatment with acids. 
Keppeler (24) using a strong solution 
of sulphuric acid (72 per cent), devel- 
oped a method of hydrolysis for deter- 
mining the degree of decomposition of 
peat layers. Tests made with this 
method showed that sphagnum peat of 
recent origin is greatly hydrolyzed and 
hence has a very low degree of decom- 
position, scarcely exceeding 25 per cent. 
Samples of sphagnum peat of older 
origin were less strongly hydrolyzed, 
the degree of decomposition vary- 
ing between 70.9 and 78.8 per cent. 
Tests of the profile of a peat de- 
posit indicated that the degrees of de- 
composition increased with the depth 
below the surface of the deposit. A 
comparison of the Keppeler method 
with that of von Feilitzen (12) leads 
Gorbenko (15) to the conclusion that 
on peat materials of Russian deposits 
the Keppeler method is inaccurate and 
too complicated, probably owing to 
the differences in the profiles of the 
peat deposits and to the difficulty of 
removing the product of hydrolysis. 

More recently, Schneider and Schell- 
enberg (44) reported briefly on the 
action of different solvents for cellulose 
in peat. These authors observed that 
samples of various kinds of peat treated 
with carbon bisulphide and sodium 
hydroxide (Xanthogenic acid), or with 
the ammoniacal cupric oxide (Schweit- 
zer’s reagent) show a moderate solvent 
effect. The yields of insoluble residues 
are not materially less than those 
obtained by treatment with alkali 
alone. The cellulose of peat materials 
appears to be more resistant in alkalies, 
but the proportion of organic material 
soluble in alkali, referred to as humic 
acids, is much larger in the deeper and 
older layers of peat (45). The action of 
reagents such as ammonia and sodium 
hydroxide is noteworthy in that it 
points more clearly to the differences 
connected with the botanical compo- 
sition of the respective layers of peat. 
It would seem, therefore, that the 
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differing facility of hydrolysis in the 
peat materials is to be related to the 
different origin and character of the 
carbonaceous material, rather than to 
depth or any subsequent alterations of 
the peat material in the deposit. 
Results obtained by H. M. Cooper 
of the Pittsburgh, Pa., Experiment 
Station of the United States Bureau of 
Mines in the analysis of samples col- 
lected in cooperation with the Michi- 
gan Land Economic Survey in Charle- 
voix County, are presented in Table 
III, IV, and V. The peat materials 
were taken from three different tvpe- 
profile deposits. Each of these had 
the same botanical composition through- 
out, so that any marked changes in 
the material due to variation in the 
composition of the peat-forming plants 
were eliminated. The carbonization 
and extraction tests on the three prin- 
cipal groups of peat were carried to 


550° C. maximum temperature. The 
samples were carbonized in air-dried 
condition and crushed to pass a 60- 
mesh sieve. The gas obtained was 
practically free from light oils. The 
work so far carried on with type mate- 
rials respectively from sedimentary, 
fibrous, and woody peat indicates 
clearly a definite variation in the char- 
acter and the amounts of the therma! 
products from carbonization, corre- 
sponding with the differences in the 
origin and the botanic composition of 
the peat material, obtained at whatever 
depth. 

Aside from the great interest which 
a high content of fiber and of the cellu- 
lose group of substances in peat may 
have for the industries, their dominant 
value agriculturally is due to the fact 
that carbonaceous compounds are the 
food supply and the source of energy 
for microorganisms in the soil. 


Tasie III.—Proximate and elementary analysis on different peat materials, air- 
dried, from Charlevoix, Mich. 


Components 


Volatile matter 
Fixed carbon 
Carbon 
Nitrogen 
Oxygen 
Hydrogen 
Sulphur 
Calories 


Sedimen- 


| 

pannati;| Fibrous Woody 
“ae sedge peat | forest peat 
6.1 7.5 | 12.0 
21.6 4.6 | 19.2 
57.9 61.1 | 47.8 
14.4 26. 6 | 21.0 
40.0 51.7 39. 6 
3.4 2.2 | 1.9 
28.0 34.7 | 33. 5 
5. 6 6.0 | 4.9 
1.4 8 9 

4, 044 4, 972 3, 583 


Taste 1V.—Carbonization and extraction tests on various types of peat material 
from Charlevoix, Mich. 











Dry tar Gas, 
Menige ” aiid water- ballin, Am- cubie | pocia,, | Alcohol | Ether 
Type of peat soluble | Water monia | feet per | Residue | soluble | soluble 
salts ton 
Per cent | Percent Per cent | Per cent | Per cent | Per cent 
Sedimentary 12.5 24.3 45.7 0. 42 0.18 
Fibrous sedge | 9.4 25. 9 4, 595 | 41.3 1. 38 71 
Woody forest Fale ie -| 4.7 23. 6 0. 075 4, 760 | 51.6 84 - 38 
TaBLeE V.—Analysis of gas obtained from carbonization tests on different types of 
q { YP 


peat from Charlevoiz, Mich. 


| 
Unsatu- | 


—a ° rated ae Hydro- | 
Type of peat hydro- Oxygen gen 
carbons 
Sedimentary 4.5 0.5 14.3 
Fibrous sedge : 2.2 .6 | 11.0 
Woody forest... . at 1.8 1.3 14.4 





g | 4 
| Nyteo. | Carbon- | a, 
—— | “— —— Methane! Ethane 
| ide , 
| 
aru seven Yael 
4.1 8.2 39.9 19.5 9.0 
4.3 13.3 39.7 25. 6 3.0 
11.6 8.3 44. 6 14.3 3.6 
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Crop production on peat deposits is 
dependent on processes leading to the 
decomposition of carbonaceous ma- 
terials. Hence, the biological phenom- 
ena which transfer cellulose to soluble 
compounds are obviously of fundamen- 
tal importance. But investigations 
upon quality and quantity of available 
earbonaceous compounds in different 
types of peat are still problematical. 
It is certain that bacteria as well as 
fungi are present in definite horizons of 
peat deposits, and that both act differ- 
ently in the several kinds of peat. 
Microorganisms which make use di- 
rectly of cellulose or live on its decom- 
position products may depress or favor 
the accumulation of nitrogen to a 
marked degree. An accurate knowl- 
edge of the biochemical value of the 
various layers of peat from differ- 
ent depths and stages of decomposition, 
and the soluble products formed from 
them under water-logged conditions 
and during soil-forming processes, is of 
great practical value. The rapidity 
with which the cellulose component be- 
comes decomposed may indicate the 
differences in the fertility of peat land. 
The investigations undertaken by Kel- 
lerman and his collaborators (22, 29) on 
the destruction of cellulose oe ‘Bacteria 
and filamentous fungi have done much 
to stimulate this phase of the peat 
problem. The work of Léhnis and his 
students (26, 28, 41) to determine the 
nutritive value of peat humus for 
Azotobacter, the studies of Hutchinson 
and Clayton (20), Christensen (5) and 
others, have demonstrated the wide- 
spread occurrence of cellulose-destroy- 
ing bacteria and that they usually act 
symbiotically, utilizing probably inter- 
mediate products. It would be desira- 
ble in this connection to ascertain more 
accurately the degree of utilization of 
specific peat materials by different bac- 
teria and fungi. Based on observations 
madein the field, certain fungi are unique 
in the way their mycelium incloses com- 
pletely portions of fibrous or woody 
layers of peat at depths from 2 to 4 feet 
below the surface, and form clusters of 
fruiting bodies in the space formerly 
occupied by the peat material. No 
reference covering these observations 
has been found in the literature. 

In view of the fact that the present 
classification of carbonaceous  sub- 
stances in peat materials includes inter- 
mediate products of decomposition in 
the nitrogen-free extract, it is important 
to determine the amount and the 
distribution of this fraction in different 
layers of peat. 

The nitrogen-free extract, as given 
in Tables I and II, composes all carbo- 
naceous residues free from fiber, crude 


protein, fatty substances and ash. The 
quantity of this fraction is determined 
by difference. The nitrogen-free ex- 
tract embraces a great variety of 
soluble organic substances. In the 
analyses of crops and feeding stuffs this 
fraction represents the starches, sugars, 
pentoses, nonnitrogenous acids and 
similar compounds, including gluco- 
sides, pectins, and tannins. It is un- 
fortunate that for this group of sub- 
stances at present peat investigators 
must rely upon figures obtained ‘‘by 
difference.”’ The extent of the analyti- 
cal error as well as the actual composi- 
tion of this fraction in the different 
types of peat remain unknown. 

The analyses in Table I show that 
the nitrogen-free extract in air-dry peat 
materials varies from 9.81 per cent, in 
the Fremont, Ind., gelatinous peat, to 
54.94 per cent in the heath-shrub peat 
with fibrous sedge admixture obtained 
from Charlevoix, Mich. Most samples 
contain 30 to 40 per cent.. The two 
samples from the Florida Everglades 
show a relatively low percentage, 
approximately 27.8 per cent. The 
small proportion of nitrogen-free ex- 
tract in the Florida fibrous sedge peat, 
and in certain other peat samples, is 
doubtless to be explained by the loss of 
dispersed and colloid organic material 
in the progressive leaching character- 
istic of humid regions. Calculated on a 
moisture and ash-free basis this frac- 
tion of organic matter ranges from a 
minimum of about 30.71 per cent in the 
colloidal peat from Fremont, Ind., and 
of 34.91 per cent in the leached fibrous 
peat from Florida, to a maximum of 
66.24 per cent in the hypnum peat from 
Phillips, Wis. In the majority of peat 
samples, however, it amounts to 40 and 
50 per cent. Again the quantity of the 
nitrogen-free extract exhibits a ten- 
dency to vary not with depth below the 
surface, but with the composition of the 
plant remains and their relative stage 
in chemical alteration. As shown in 
Tables I and II, the more decomposed 
reed, sedge, and sphagnum types of 
peat, irrespective of their age or posi- 
tion in the profile of a deposit, yield 
more than 50 per cent of sub- 
stances classed as nitrogen-free ex- 
tract, though some. of the component 
materials are undoubtedly lost by 
leaching. Coarsely fibrous sedge and 
sphagnum peat contain much less of 
this fraction. Woody and sedimen- 
tary peat material, high in fiber, also 
supply only moderate amounts. The 
results suggest strongly that the state 
of decomposition does not run parallel 
to the depth at which a peat material 
is found below the surface, but that 
an approximate correlation exists be- 
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tween the botanical composition of the 
layer of peat and its relative stage of 
decay. If this conclusion is further 
substantiated, the quantitative esti- 
mation of the nitrogen-free extract 
in different layers of peat materials 
should be of special significance and 
value. The quantity of this fraction 
of organic material must influence the 
character of cultural operations and 
the rate of growth of crops in the peat- 
soil horizons through which roots can 
penetrate. It is quite reasonable to 
assume that the nonnitrogenous com- 
ponents in the separate layers or 
horizons in peat deposits may be 
responsible for the differences in the 
water-holding capacity of peat mia- 
terials and in the absorption power 
for certain mineral salts and fertilizers. 
Changes of this kind may likewise con- 
tribute to layers with varying salinity, 
and to the stratification of acid and 
alkaline reaction in certain peat-land 
profiles. The horizons and pockets of 
well-preserved shells of mollusks (9, 
Pl. 1, 4) in submersed fibrous and sedi- 
mentary types of peat, reacting acid to 
litmus, appear to indicate that the 
organic acids present are only slightly 
soluble in water and act upon calcareous 
materials with great difficulty. 

Undoubtedly a more detailed exam- 
ination of peat layers in regard to their 
nitrogen-free extract would shed much 
light upon their microbiological char- 
acter and upon the biochemical changes 
going on during the humification of 
peat materials. Under natural condi- 
tions of high-water level, that is, when 
reduction prevails, the solubility of the 
substances grouped into this fraction 
is apparent in the color imparted to the 
streams which emerge from marshes, 
bogs, and swamp forests. The con- 
tent of water-soluble organic matter 
varies probably with the pedomorphic 
structure of the peat deposit and with 
the relative capacity for chemical alter- 
ations of the several layers of peat. 
The color of the solution obtained from 
freshly dug peat samples varies with 
different stages of decomposition, rang- 
ing from a light straw-yellow to a deep 
brown. Freezing and heating or steam- 
ing different peat materials are accom- 
panied by marked changes in the con- 
tent of dispersoid and colloid organic 
material. Studies are reported by 
Ostwald (36) and by Melin and Odén 
(30), which indicate the possibility of 
using a colorimetric method for investi- 
gations of this kind. 

Frequently organic substances in 
peat, forming suspensions and colloidal 
solutions with water, have a strongly 
acid reaction and absorb oxygen from 
the air. Little is known as to their 


direct effects on plants, although by 
former investigations (7) it was shown 
that such aqueous peat extracts may 
contain organic substances of harmful 
character. A tendency was observed 
to inhibit or retard and dwarf the 
growth of higher plants as well.as of 
aerobic microorganisms. The question 
is still an open one, however, whether 
some of the organic substances can be 
absorbed by plants and can be used as 
sources of carbon. 

The dilute alkali extract of peat 
materials and of the organic matter in 
mineral soils has been the object of 
numerous studies on organic decom- 
position. It is not the purpose of the 
present paper to review or to discuss 
the voluminous literature dealing with 
this phase of the problem. The results 
of investigations on humus, humic 
acids, on theories of adsorption and re- 
lated phenomena have been compre- 
hensively reviewed by Léhnis (26), 
Ehrenberg (11), Hoering (19), and 
more recently by Odén (34). But with 
reference to the several kinds of peat 
and the marked stratigraphic differ- 
ences in peat deposits, the situation 
remains problematical. Neither the 
relation of microorganisms to the forma- 
tion of muck and humus is understood, 
nor is the chemical composition of the 
organic compounds in the nitrogen-free 
extract of specific types of muck and 
peat a well-known subject. It should 
be highly instructive to determine 
whether the increase in nitrogen-free 
extract is due largely to the decom- 
position of cellulose and lignin com- 
plexes or to that of other plant prod- 
ucts. Attempts should be made there- 
fore leading to a more detailed analysis 
and to the isolation of compounds from 
the nitrogen-free extract. Indeed the 
change toward the formation of such 
substances is so marked that a com- 
parative cellulose and lignin determina- 
tion of various peat materials under- 
going decay might well serve to throw 
further light upon the problem of 
humus. 


THE ETHER EXTRACT IN DIFFER- 
ENT PEAT MATERIALS 


Ether-alcohol extract of peat mate- 
rials contains dissolved waxes, variable 
mixtures of gummy resins, balsams, ter- 
penes, and similar substances together 
with other complex constituents. 
They are storage, waste, and residual 
products of very variable chemical 
structure, and most of them were origi- 
nally secreted by cells and glands of 
different kinds of plants. <A study of 


solvents for the separation of these sub- 
stances from peat materials with par- 
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ticular reference to the differences in 
the action of benzol, toluol, xylol, and 
phe nol, as well as of "ether and alcohol, 
is just ‘beginning to be made (42). 

Many of the extracted substances, 
such as, “fichtelite,”’ ‘‘ozokerite,” and 
others (19) do not belong to the true 
fats and oils. Fatty substances when 
breaking down yield a considerable 
series of fatty acids without the acid 
H-ion. They give off more heat on burn- 
ing, because they contain a small pro- 
portion of oxygen but relatively more 
carbon and hydrogen than the carbohy- 
drates. Waxes and resinous’ sub- 
stances are especially abundant in the 
foliage of woody heaths and evergreen 
trees. Hence, peat layers derived from 
these plants carry more of the mate- 
rials extracted by ether and other sol- 
vents than the peats derived from 
sedges, reeds, or mosses. Treatment of 
peat with phenol yields more extract 
than with any other solvent, and the 
yields are considerably increased by the 
use Of higher temperatures (43.) The 
products, moreover, have considerably 
higher melting points than the other 
extraction products. The extracts re- 
semble more or less the bitumin from 
lignites. Schneider and Schellenberg 
(42) found that the action of solvents 
depends also on the relative age of the 
peat material, the deeper and older 
layers in a given peat profile with the 
higher proportion of resistant material 
giving the higher yields. The evidence 
presented by them is, however, insuffi- 
cient, and the error in the conclusion 
has been demonstrated by the work of 
Zailer and Wilk, and others cited in 
Table I of Bulletin 802 (8). 

There are marked differences in the 
percentages of ether-alcohol extract 
obtained from the several air-dried 
peat materials of this country. In 
general, the extract figures shown in 
Table I vary from 0.15 per cent in the 
Lake Okeechobee, Fla., sedimentary 
peat to 3.78 per cent in the reed peat 
from Wood County, Wis., which under- 
lies a conifer forest vegetation and 
shrub heaths as ground cover. The 
same range of variation in the per- 
centages of this fraction is, further- 
more, seen in Table II where the re- 
sults are stated on an ash- and mois- 
ture-free basis. The finely divided sedi- 
mentary peat from Lake Okeechobee, 
Fla., contains a minimum of 0.26 per 
cent and the Wood County, Wis., reed 
peat yields the maximum of 4.38 per 
cent. Together with the figures in 
Table IV these results again indicate 
that the botanical composition of the 
plant remains forming peat layers is a 
considerably more important factor 


than the depth below the surface. In 
the sedge peats from Chelsea, Mich., as 
well as in the sphagnum peats from 
Fairbanks, Alaska, and from Calais, 
Me., the presence of relatively large 
amounts of ether-alcohol extract is prob- 
ably due to an admixture in the peat 
samples of leached plant residue from 
heath shrubs. There is a tendency 
towards the attainment of a maximum 
value for the ether-alecohol fraction, 
which appears to be more or less closely 
correlated with the degree of decomposi- 
tion of the peat material. The data in 
Tables I and II show that increasing 
accumulation of the more resistant or- 
ganic material may cause a steady in- 
crease in the waxy, resinous residue. 
The analyses for the partly decomposed 
hypnum peat from Phillips, Wis., for 
the woody peats from Margie, Minn., 
and from Charlevoix, Mich., and for 
the sedge and sphagnum peats which 
have undergone a partial decay, agree 
in showing this tendency. Thus the 
percentages of ether-alcohol extract in 
the several peat materials depend not 
only upon the type of the plant 
remains, but also on the stage of altera- 
tion and upon the predominant admix- 
ture of distinctly heath components. 


INORGANIC MATTER IN DIFFERENT 
PEAT LAYERS 


Mineral matter is present in peat 
materials either incorporated in organic 
compounds, in cell walls, as crystals and 
incrustations, or held by the absorptive 
power of the finely divided organic 
matter. Foreign material constitutes 
not infrequently the larger portion of 
the ash content in certain classes of 
peat deposits. It is brought in during 
the accumulation of peat layers by 
wind and water as dust, silt, or clay, 
and through the growth of shell 
mollusks, diatoms, sponges, and other 
organisms. The inorganic contamina- 
tion may be disregarded for the present, 
since itis not a part of plant ash or that 
of peat, although reported as such in 
peat analysis. In most investigations 
concerning the agricultural value of 
peat land, the ash and its ‘‘standard 
fertilizer” ingredients are the only 
factor considered in grading peat areas. 
However, the quantity and character 
of the mineral matter vary from point 
to point in the same deposit, and even 
in the same layer. Owing to the con- 
stant evaporation of water from the 
surface of cultivated peat areas, many 
of the salts accumulate at or just below 
the surface peat soil. The amount and 
constituents vary much, because the 
presence of mineral matter, such as 
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clusters of calcium sulphate crystals, 
nodular concretions of iron, marl, and 
surface concentrations of lime or alkali, 
are determined largely by the chemical 
nature of circulating ground waters, by 
overflow, or by the excess of soluble 
salts carried in the mineral subsoils. 
In order to guard against a wrong in- 
terpretation of field data, it is neces- 
sary to remember, therefore, that 
the chemical nature of the ground- 
water or of the geological formation of 
a region does not in itself determine 
the fertilizer needs of peat land in that 
region. 

The ash of the peat materials, in- 
dicated in Table I, consists of the total 
mineral matter left when the organic 
matter is completely burned. The 
differences in ash content range from 
1.07 per cent in the sphagnum peat 
from Calais, Me. to 65.48 per cent in 
the Fremont, Ind., gelatinous material. 
The figures for the three samples of 
bog moss peat, for the Charlevoix, 
Mich., heath shrub and sedge peat, and 
for the Wisconsin reed peat indicate 
that a considerable loss of mineral 
matter has taken place by leaching. 
The sedimentary types of peat, re- 
spectively from Fremont, Ind., Mid- 
dle River, Calif., and Lake Okeechobee, 
Fla., show a relatively high ash con- 
tent; this is to be correlated, un- 
doubtedly, with the general siltation of 
the water basins from which these 
samples have been obtained. The ash 
content of the cultivated reed ‘“muck”’ 
from Plymouth, Ohio, and of the 
drained and aerated woody forest peats 
from Charlevoix, Mich., and Winna- 
mac, Ind., exhibits the influence of 
soil-forming processes; the increase 
during decomposition is due partly to 
the adsorptive power of the finely 
divided organic components, but 
mainly to the transformation of organic 
matter into carbon dioxide. 

Interesting information on the ash 
constituents of plants and peat mate- 
rials is reviewed by Hoering (/9). 
The recent work of Hibbard (18) indi- 
cates that the ash of “‘tule’’ (Scirpus la- 
custris var. occidentalis) is similar to 
kainit as a source of potash, but that 
the leached plant remains in the Cali- 
fornia tule peat lands have lost most of 
the mineral material worth recovering. 
Miller (37) gives data upon the inor- 
ganic composition of sawgrass (Cla- 
dium effusium) from the Florida Ever- 
glades. But the evidence submitted 
by him regarding layers of peat sup- 
posedlyresulting from the accumulation 
of the remains of sawgrass is palpably 
insufficient. The thorough and accu- 
rate studies made by Zailer and Wilk 


(63), Bersch (2), Birk (4), and Minssen 
(32) show the changes of the inorganic 
material in different kinds of plants 
forming peat and in the corresponding 
layers of peat derived from them. 
These authors give a large number of 
analyses; they also point out that the 
ash content does not increase with the 
depth of the deposit, but varies with the 
nature of the peat profile, and with the 
contamination by extraneous sand, silt, 
orlime. In general, the work conducted 
by these and other investigators shows 
that silica is undoubtedly one of the 
most stable mineral constituents when 
present in a peat layer, while potash and 
to a less extent, phosphorus leachreadily 
from different types of peat. On the 
other hand, it has not been emphasized 
sufficiently that iron and_ sulphur 
compounds are among those which not 
infrequently affect extensive areas of 
otherwise desirable peat land and may 
cause root rots. The deposition of 
dissolved iron in plant remains and its 
gradual replacement of the organic 
matter has been shown in a former 
publication (8, Pl. 1). The injurious 
effect of the accumulation of soluble 
iron within the tissues of growing plants 
reported by Sherwin (47) further 
emphasizes the necessity of modifying 
the accepted fertilizer standard of ash 
analyses. 

Continued submersion in water 
makes various mineral salts compara- 
tively unstable in peat. The darker 
color of peat samples taken from greater 
depths below the surface, the produc- 
tion of sulphuretted hydrogen and of 
methane, the reduction of sulphates 
and possibly of phosphates (vivianite) 
together with those other changes 
which are characterized by the with- 
drawal of oxygen not only from the 
water but also from the carbonaceous 
and nitrogenous substances in the 
organic matter, indicate the nature of 
the reduction action (7). The absorp- 
tive power for certain mineral sub- 
stances appears to be localized in finely 
divided peat. The relative ‘‘satura- 
tion”’ of its colloidal constituents prob- 
ably influences to a considerable extent 
the character and the varying salinity 
of the peat soil solution, the kind and 
concentration of various bases, and the 
rate at which microorganisms and fila- 
mentous fungi decompose peat mate- 
ials. The low mineral salt content of 
certain types of fibrous peat soils in all 
probability accounts for the lack of 
nutrition in the grasses of such peat- 
land pastures. Further work is greatly 
needed to determine the movement, 
absorption, and the losses and exchange 
of soluble mineral material in layers of 
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woody, fibrous, and sedimentary peat 
at different depths, as well as during 
the transformation of drained surface 
horizons to muck and humus. 


CONCLUSIONS 


Results obtained with 20 different 
kinds of peat indicate the feasibility 
of the application of foodstuff analyses 
for the determination of qualitative 
differences in sedimentary, fibrous, and 
woody peat materials. These data 
point to contrasts between peat 
materials in regard to their nitrogenous 
substances, lignin, cellulose, and other 
carbohydrates, waxes, resins, and simi- 
lar plant products. Their value is 
necessarily limited, since it is only 
possible to utilize analyses of the same 
character as those used for crops and 
feeding stuffs. However, they illus- 
trate the fact that a close connection 
exists between the botanical and the 
chemical composition of the main 
groups of peat. By the application of 
this method it becomes possible to 
correlate variations in the chief groups 
of organie compounds with structural 
differences in the profile of peat de- 
posits, to follow the progress of decom- 
position in drained surface peat soils, 
and to determine the degree of chemi- 
cal alteration taking place in the sev- 
eral layers of peat below the water 
level. The analyses show the wide 
differences in agricultural value of the 
several kinds of peat, on the basis of 
the ratio of nonnitrogenous to nitrog- 
enous materials, and the limited use- 
fulness of various kinds of raw peat as 
a source of food for livestock or for soil 
microorganisms. 
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BOTRYTIS ROT OF THE 


GLOBE ARTICHOKE 


By Georce K. K. Linx, Pathologist, GLEN B. Ramsey, Associate Pathologist, 
and Auice A. BarLey, Junior Pathologist, Office of Cotton, Truck, and Forage 
Crop Disease Investigations, Bureau of Plant Industry, United States Department 


of Agriculture 
INTRODUCTION 


Gray mold rot causes heavy losses 
in practically all truck-crop shipments 
made during the cooler months of the 
year, especially from California. Cross- 
inoculation experiments have indicated 
that the strains of Botrytis sp. affecting 
the Globe artichoke (Cynara scolymus 
L.) are pathogenic to those vegetables 
subject to decay from the Botrytis 
usually called B. cinerea Pers. 

In their survey of plant diseases as 
they occur on the market, Link and 
Gardner? reported gray mold _ rot 
(Botrytis spp.) as the only disease 
affecting the buds of the Globe arti- 
choke in transit and on the market. 

The disease has been observed in 
the United States wherever artichokes 
have been examined. Practically all 
the artichokes marketed in this coun- 
trv are grown in Contra Costa and 
San Mateo Counties, Calif., mostly on 
the rich loams and clay loams of the 
narrow strip along the seashore from 
Montara to Pescadero; some are 
grown also in the canyons extending 
from the seashore into the mountains. 
The buds are shipped in refrigerator, 
freight, and express cars to eastern 
markets, 50 per cent of the total ship- 
ments going in 1922 to New York. 

The economic importance of the 
Botrytis rot of the artichoke is sug- 
gested by abstracts which the plant 
disease survey made of inspection 
certificates issued by the food pro- 
ducts inspection service of the Bureau 
of Agricultural Economics. Although 
the inspection service does not examine 
all cars arriving terminal in markets, 
the abstracts of inspections made show 
the artichoke to be affected by only 
one rot, which is practically the only 
cause of loss in transit. Ninety-six 
per cent of the car-lot inspections made 
during 1918 to 1923 report losses of 2 


to 100 per cent due to Botrytis, the 
remainder being due to freezing. 
About 10 per cent of the inspections 
show losses of 50 per cent and over; 
20 per cent show loses of 20 per cent 
and over; 70 per cent show losses of 
less than 20 per cent. These losses 
are considerable since the market price 
of a car (470 to 480 boxes) is $1,800 to 
$2,500, depending upon market con- 
ditions, with a freight and_ icing 
charge of about $375 from California 
to Chicago. The presence of even 
slight decay necessitates expensive 
resorting and considerable loss to 
wholesalers and_ retailers. Severely 
affected buds are a total loss, although 
slightly affected ones can be sold at a 
reduced price. 

Inquiries from receivers, carriers, 
and food products inspectors of the 
Bureau of Agricultural Economies in 
1919 to 1922 have shown a prevalent 
supposition that the serious losses on 
artichoke shipments were mainly at- 
tributable to freezing injury and chill- 
ing. There were consequent mutual re- 
criminations among growers, shippers, 
carriers, and receivers, each believing 
some other responsible for the occur- 
rence of such injury. None had 
realized that the great losses in transit 
might be connected with the presence 
in the field of a certain fungus. 

Reduction of such wastage and loss 
in transit, with fixing of the responsi- 
bility for these, calls for definite 
knowledge concerning the source and 
mode of contamination, the time, place, 
and manner of infection, and the cevel- 
opment and spread of the disease. As 
there were no experimental data ade- 
quate for formulating control measures 
and placing responsibility for losses in 
vegetables from this source, the arti- 
choke was chosen for investigation of 
the disease, on account of certain 
advantages which it affords for type 
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study, even though this product is less 
important than the majority of crops 
affected by the fungus. 

The work discussed in the present 
paper leads to the conclusion that, 
without previous or attendant freezing 
injury, a species of Botrytis, to be 
placed in the cinerea group, can pro- 
duce the condition responsible for the 
deterioration and consequent losses in 
transit. 


DESCRIPTION OF THE DISEASE 


The lesions which indicate the disease 
are so small and inconspicuous that 
they are often overlooked in harvesting 
and packing, the more so since they: 
vary with external conditions. 

In the field the lesions are usually but 
1 to 2 mm. in diameter on actively 
growing buds of vigorous plants, and 
are generally restricted to the tips of 
the scales. They are sunken and 
brown to black. Sometimes buds 
severely affected by Botrytis are found 
on aging plants, or on vigorous plants 
after the close of the active period of 
bud production (October to May). 
These usually shrivel and wither, and 
are covered with sporulating mycelium. 

Extensive lesions of the moist type 
can be seen on vigorous plants in the 
field. They usually start in the wounds 
made when the buds are cut, whence 
they progress down the flower stalks 
and spread to the lateral branches 
and even to the main stems of the 
plants. 

The lesions may occur anywhere on 
the bud. Spore infection seems most 
frequent on the cut stem and at the 
tips of the scales which are generally 
somewhat split by growth tensions. 
Contact with the mycelium leads to 
infection of any part; under moist 
conditions the spider weblike growth 
of the mycelium starting from one 
original center of infection frequently 
involves the entire bud, the rot pro- 
gressing from scale tip to scale tip and 
down into the scale so that finally the 
entire bud is destroyed (pl. 1, A, B). 
Infection at the base of the scales or 
in the stem may destroy the entire 
stem and receptacle so that the bud 


readily falls apart (pl. 1, B). Under 
dry conditions, an affected bud then 
becomes a shriveled mummy. 

Under moist conditions the lesions 
on the buds have definite slightly 
water-soaked borders, semimoist to 
wet, odorless, reddish-brown to brown, 
and generally with abundant growth 
of sporulating mycelium on their older 
portions. Under drier conditions the 
advancing edge is not water-soaked, 
the affected tissues are dry and firm, 
brown to black, and show no aerial 
development. 


THE CAUSAL ORGANISM 
ITS ISOLATION AND IDENTITY 


Isolations of Botrytis sp. made from 
the flower buds of artichokes collected 
on the Chicago market, and from the 
stalks, stems and buds collected in the 
fields near Half Moon Bay, Calif., 
furnished the cultures used in the 
present study. A lot shipped from the 
fields was of particular interest because 
the entire plants including flower buds 
were frozen solid during transit. Viable 
cultures apparently identical with 
strains collected on the market were 
isolated from this material. One strain 
isolated from the interior of a frozen 
stem showing a brown surface lesion 
has maintained characteristics seeming 
to indicate a difference from all other 
cultures. On first isolation plates this 
culture, No. 255, grew more like a Fu- 
sarium than a Botrytis; but after one 
week’s growth sclerotia began to develop 
and conidia were observed around the 
edges of the plate. The cultures of this 
strain always produce a honey-yellow* 
color in the substratum and fine ivory- 
yellow mycelium on potato-dextrose 
agar plates, as contrasted with the 
smoke-gray to light grayish-olive my- 
celium and grayish-olive substratum of 
the other strains. The gray strains 
also make greater vegetative growth 
and sporulate much more freely and 
abundantly than the yellowish strain. 

Morphologically, there do not seem 
to be great differences among the cul- 
tures under observation. ‘he my- 
celium is pale smoke-colored at first, 
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EXPLANATORY LEGEND FOR PLATE 1 


A. Artichoke held in a humid atmosphere, showing lesions and spider weblike growth of Botrytis myce 


lium over the surface. 


B.—Longitudinal section through bud showing stem and receptacle infection. 
C.—Artichoke showing points of inoculation and lesions resulting therefrom. Mycelium was inoculated 


into wounds whose position is indicated by circles. 


advance. 


Dark discolored areas show limits of fungus 


The blotched discoloration on lower two scales is due to bruising. 


1D ,—Lesions and mycelium on split and wounded tips of scales resulting from inoculation with a spore 


suspension. 
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becoming gray to grayish-brown with 
age. Conidia are produced in rather 
loose clusters on the rounded to 
slightly inflated ends of the tips and 
lateral branches of the upright sporo- 
phores. In old cultures sclerotia are 
present, which on germination give rise 
either to vegetative mycelium or to 
short, rather compact tufts of conidio- 
phores with grayish-brown conidia. 

With the possible exception of cul- 
ture No. 255, whose spores are usually 
slightly smaller than those of the others, 
there is very little variation in size of 
the conidia of the various cultures. In 
the seven cultures used in most of the 
studies, the spores ranged from 8.2 to 
10.54 in width and from 11.3 to 14.4y in 
length, averaging 9.4 by 13.1n. 

The growth characteristics and spore 
measurements of these fungi are well 
within the range and description of 
the fungus usually designated B. cinerea 
Pers. In view of the existing confu- 
sion regarding species within the genus 
Botrytis, it has been thought best to 
refer to the organism or organisms 
under consideration as the B. cinerea 
type, since, as stated in the beginning 
of this article, practically all Botrytis 
strains occurring on vegetables are 
identical and can be grouped as the B. 
cinerea type (with the possible excep- 
tion of culture No. 255). 


TEMPERATURE RELATIONS 


In temperature experiments on plates 
and tubes of potato-dextrose agar, it 
was found that one culture, No. 1610, 
just isolated from an artichoke bud, 
was able to make radial growth rang- 
ing from 1 to 7 mm. within seven days 
at —2° C. None of the other strains 
which had been cultured on artificial 
media for some time were able to grow 
under the above conditions, although 
in other respects the strains appear 
very similar. This suggests that a 
difference in pathogenicity may be 
expected in cultures, due to loss of 
vigor in growing on artificial media. 
All other strains grew from 0.5 to 2 
mm. in radius at —1.5° to —1° in seven 
days. During the seven-day period at 
0° these strains grew 7 to 14 mm. in 
radius while the newly isolated strain 
No. 1610 under parallel conditions 
grew but slightly faster. At higher 
temperatures growth becomes more 
rapid until at 20° to 22° an_ average 
daily radial growth of 5 to 7 mm. is 
made. From experiments conducted 
at still higher temperatures it appears 
that the optimum for growth on potato- 


dextrose agar lies between 22° and 25°. 
These observations agree well with the 
results of Brooks and Cooley ‘ for B. 
cinerea. 

The reactions to temperatures above 
31° are approximately alike for the 
various strains in plate cultures. Usu- 
ally very little growth is made. An 
increase of 1 to 2 mm. observed in 
some cases was mostly a very fine aerial 
mycelium arising from the inoculum. 
A few sporophores bearing conidia were 
also noted developing from the inocu- 
lum of one strain. But their vitality 
is so reduced at the above temperature 
that the organisms are not likely to 
produce appreciable decay. 


SPORE GERMINATION 


The spores of all strains germinate 
readily in hanging drops of sterile 
water and on the surface of nutrient 
agar plates. The majority germinate 
within 24 hours at room temperature 
and above, while a smaller percentage 
form germ tubes at temperatures 
around 0° C. The extreme range is 
wide, as successful germination has 
been obtained at temperatures as low 
as —2° and as high as 32° C. 

An experiment in which the tempera- 
tures ranged between —2° C. and 
—1.5° with a mean of —1.75° showed 
good germination in the three strains 
tested. In a similar experiment in 
which spore dilutions of four different 
strains were poured upon plates of 
potato dextrose agar and placed where 
the temperature varied between —1° 
and —3°, good germination was ob- 
tained within 48 hours. From 50 to 
75 per cent of these spores germinated, 
and their germ tubes ranged from 20 
to 90% in length. It appears from 
these and other tests that mature 
conidia falling upon a suitable nutrient 
medium can germinate and make slow 
growth at temperatures below 0°. In 
sterile water at the above tempera- 
tures, however, germination seldom oc- 
curs, or is at most rather feeble com- 
pared with growth on a nutrient me- 
dium. 

Spore dilutions on potato-dextrose 
agar plates held at 31° to 32° C. give 
50 to 90 per cent germination within 
24 hours. Growth of the germ tubes 
continues 4 or 5 days, then usually 
stops when they reach 100 to 200 in 
length. This would seem to indicate 
a temperature of 32° as the maximum 
for growth from conidia in the strains 
under observation. 
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PROOF OF PATHOGENICITY 


The pathogenicity of the organism 
was established by its constant asso- 
ciation with and isolation from lesions 
and by numerous inoculation tests 
made with artichoke and other vege- 
tables. 


Vigorous fresh-appearing buds, free 
from blemishes, were used. They 
were prepared for the test by making 
a fresh cut of the stem; by thorough 
washing; by dipping into 1:1,000 
mercuric chloride solution for about 
a minute followed by thorough rinsing 
in sterile water. Longer immersion 
in corrosive sublimate solution was 
found to cause discoloration of the 
tender scales. Preliminary experiments 
and the controls proved the method 
adequate to remove or kill any spores 
on the buds. 

To duplicate the method of inocula- 
tion which seems to occur naturally, 
both spores and mixtures of spores and 
mycelium were used as inocula. The 
spores were suspended in water and 
the suspension either poured or sprayed 
on the buds. These methods, es- 
pecially the latter, approached as 
nearly as possible to the manner of 
inoculation in the field. Mycelium 
inoculation was made by inserting 
agar inoculum, or _ infected scales 
which generally had some mycelium 
on their surfaces, between the scales 
of sound buds. This duplicated the 
mode of inoculation involved when the 
disease spreads in transit. After in- 
oculation the buds were kept in moist 
chambers or covered battery jars. 

Inoculation experiments with in- 
fected scales demonstrated that the 
fungus can produce decay throughout 
its temperature range. As the buds 
freeze at —2° C., no tests were made 
below this temperature. None of the 
cultures which had been grown on agar 
for some time produced appreciable 
decay at —2°, whereas strain No. 1610, 
recently isolated from artichokes, pro- 
duced decay. Four scales of a bud 
inoculated with this strain became in- 
fected to the extent of 6 sq. em. after a 
week. The presence of the fungus in 
the advancing edge of the lesions was 
proved by microscopic examination 
and plate cultures. At —1° all strains 
produced decay. The percentage of 
successful inoculations increases stead- 
ily up tg the optimum temperature of 
22° to 25° C. Failures were infrequent 
at this temperature but increased rap- 
idly above 24°; occurred in about 85 
per cent of the attempts at 26°; and 
lesions were obtained but rarely be- 
tween 26° and 32°. 


Although infection was more con- 
sistently and rapidly obtained through 
wounds when mycelium was used as 
inoculum, the experimental evidence 
shows that wounds are not a necessity. 
The inoculum was applied at the tips, 
the middle, and the bases of the scales, 
as well as at the cut surface of the 
stem, and consisted of mycelium taken 
from agar plates (Pl. 1, C). Similar 
results were obtained by using infected 
scales as inoculum. Seventeen tests 
at 0° C. gave 12 lesions on wounded 
buds and 2 on unwounded buds. Fif- 
ty-one tests at 7° gave 46 lesions on 
wounded buds and 43 on unwounded 
buds. Fifty-one tests at 22° gave 48 
lesions on wounded buds, also 48 on 
unwounded buds. Eight tests at 30° 
gave five lesions on wounded buds, none 
on unwounded buds. It was difficult 
to keep the humidity high enough to 
produce infection at the higher temper- 
atures. Unfortunately, no apparatus 
was available for making controlled 
humidity tests. 

Except at very low temperatures, 
inoculation and infection by contact 
seem limited much more by moisture 
than by temperature or by the presence 
of wounds. With adequate moisture, 
infection took place and was quite 
independent of wounds, except at very 
low temperatures. A _ saturated or 
nearly saturated atmosphere induces 
very rank development of mycelium, 
which, however, as in plate cultures, 
seldom sporulates unless subjected to 
achangein humidity. It was necessary 
to wrap each bud in waxed paper for 
keeping in moist chambers in the 
laboratory, in high-temperature in- 
cubators, or in incubators cooled bv 
mechanical means which freeze out 
the air moisture. In low-temperature 
incubators, cooled by melting ice, 
wrapping was not necessary. 

Experiments with spore suspensions 
gave negative results except on 
wounded tissue. Moisture was again 
a limiting factor, but even more de- 
cisively. In early experiments no 
infection was obtained at any tempera- 
ture with spore suspensions sprayed 
or poured on wounded or unwounded 
scales. Wrapping was entirely inade- 
quate when spore suspensions were 
used, but the difficulty was finally 
solved by fogging the chambers con- 
taining the buds once every 24 hours 
during the first three or four days. 
This was done by spraying water into 
the chambers with an atomizer. It 
was a very unsatisfactory method be- 
cause there was no way of determining 
just what degree of humidity is essen- 
tial for spore inoculation; but it dupli- 
cated field conditions in that the air 
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was saturated and water was condensed 
on the buds at least once a day. 

In inoculation tests with spore sus- 
pensions made with wounded and un- 
wounded buds at temperatures ranging 


from —1° C. to 26°, negative results 
were obtained at —1°,0°,0.5°, and 1.5°. 
Infection resulted occasionally at 5.5°, 
but only in wounds. The number of 
infections obtained was greater at 7° 
than at 5.5°, and still greater at 10°, 
with a maximum between 15° and 21°. 
Between 26° and 32° infection was 
obtained only occasionally. All in- 
fection obtained started in artificial 
or natural wounds (Pl. 1 D). Scales 
which had been wounded and dipped in 
spore suspensions developed lesions of 
2 to 5sq. em. with sporulating mycelium 
on the surface in nine days at 26°. 

The presence or absence of wounds 
seems, therefore, the most important 
limiting factor so far as infection by 
spores is concerned, with moisture, and 
then temperature next in importance. 
For infection by mycelium, however, 
moisture is the main limiting factor, 
temperature and wounds ranking in the 
order named. 

Infection with spores was not ob- 
tainable when the tissues were not 
wounded. Wounds are abundant and 
inevitable, however, on both the grow- 
ing and the harvested buds. There is 
more or less tearing of the scale tips 
during growth, for they are curved in- 
ward and indented (Pl. 1, A, D) so that 
tensions arise at the spine and lead to 
tearing as the scales enlarge. A large 
wound is made when the bud is cut from 
the plant in harvesting (Pl. 1, B), and 
later when buds are crowded into crates 
for a tight pack there is more tearing of 
the seales and considerable bruising of 
the sides as well. 

Holding tests made at 7° C. show that 
the buds of a lot which appear sound at 
the beginning of a test develop Botrytis 
decay progressively, and eventually 
almost all show decay. Possibly this 
is due to a weakening of the tissues. 
It is a general observation in the field 
that Botrytis readily attacks aging or 
weakened parts of plants, such as the 
outer dying leaves of lettuce or celery. 
Field observations indicate that the 
age or vigor of artichoke buds is a factor, 
inasmuch as the small buds produced 
at the close of the seasonal productive 
period or by old plants show greater 
decay than buds from more vigorous 
plants, some inspection certificates re- 
porting 4 to 10 per cent decay in large 
buds and 20 to 30 per cent in small ones. 
It has also been observed that tissues 
killed or weakened by overheating or 
freezing are more readily attacked than 
healthy ones. 
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THE DISEASE 


PLACE OF ORIGIN, SPREAD, AND DEVEL- 
OPMENT 


Observations in packing houses indi- 
cate that even though some buds with 
small lesions are packed, by far the 
greatest number of boxes contain few 
buds showing any signs of lesions or of 
the fungus. Field observations indi- 
cate that spore contamination in the 
field is probably the original and chief 
source of the disease in transit. Here can’ 
be found buds and other parts of the 
plants covered with sporulating my- 
celium. A much more serious source of 
infection, however, is the immense 
amount of plant trash allowed to lie in 
or adjacent to the fields, which is often 
covered with an extensive sporulating 
growth of Botrytis that liberates clouds 
of spores whenever disturbed. The 
great quantities of plant trash exist be- 
cause the bearing plants, which resemble 
huge thistles, are cut down annually in 
May and their roots allowed to sprout or 
sucker. The new tops come into bear- 
ing during September and October, and 
in the fourth or fifth year, when buds 
begin to be small and hard, the plants 
are replaced by new shoots. 

Examination upon arrival of buds 
taken out of boxes not previously 
opened shows that the lesions usually 
start at the tips of the scales or at the 
cut stem surface. This indicates that 
the original infections come from spores 
that lodge in these places and that sec- 
ondary infections in transit are pri- 
marily by contact. Secondary infec- 
tion by spores also may take place, 
since infected scales frequently are cov- 
ered with sporulating mycelium. 

That the bud surfaces carry either 
spores or mycelium of Botrytis is easily 
demonstrated by taking buds from 
packing boxes and exposing them to 
favorable temperature and moisture 
conditions. Botrytis rot develops 
almost invariably. In fact, if the buds 
were not washed and _ sterilized, it 
seemed impossible to have control ma- 
terial come through the experiments, 
which lasted from several days to sev- 
eral weeks, without developing Botrytis 
rot. That the contaminations were 
mostly on the surface is proved by the 
fact that a few minutes’ dipping in cor- 
resive sublimate solution sufficed for 
sterilization. Thorough washing was 
also frequently sufficient. Yet occa- 
sional development of decay in buds so 
treated proved that incipient but in- 
visible infections were also present. 

It was found that spores or incipient 
infections may lie dormant for consider- 
able periods if conditions are unfavor- 
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able, and then begin or resume growth 
when conditions become favorable. 
That transit gives ample time for the 
development of lesions already present 
and the starting of new ones is indicated 
by the following data: At 7° C. lesions 
with « radius of 0.5 to 2 mm. developed 
in 7 days when wounds were inoculated. 
Scales inoculated with spore suspen- 
sions at 25° developed lesions which 
had an area of 2 to 5 sq. mm. on the 
ninth day and were covered with sporu- 
_ lating mycelium. Lesions increased in 
radius at 10° at the rate of 1.5.mm. 
every 24hours; at 15 to 20°, at the 
rate of 4 to 5 mm.; at 27°, at the rate 
of only 2 mm.; and at 30° there was no 
increase. The maintenance of an aver- 
age temperature of 7° is very good for 
a refrigerator car. Thus temperature 
conditions in transit are not unfavor- 
able for the development and spread of 
the decay. 

RELATION TO TEMPERATURE IN THE 
FIELD AND IN TRANSIT 


The optimum temperature for growth 
of Botrytis lies between 22° and 25° C. 
The range from this to the maximum 
of 32° is only 7°, whereas the range to 
the minimum extends beyond —2°, or 
more than 27°. Unlike many other 
fungi, this fungus can make a very 
appreciable growth and sporulate be- 
tween 5° and 10°. 


The temperatures of the leading 
artichoke-producing section in Cali- 
fornia are not unfavorable for the 
growth of the fungus. The nearest 
weather reporting station where weather 
is comparable to that of the Half Moon 
Bay section is San Francisco, Calif. 
Here the temperature rarely exceeds 
the maximum for Botrytis cinerea 
Pers.; the lowest temperature is above 
its minimum and the mean is below 
rather than above its optimum.’ At 
the annual mean temperature of the 
region (54.9 °F.), the fungus can enlarge 
lesions on inoculated buds at the rate 
of about 4 to 5 mm. per day under 
favorable moisture conditions. 

Abstracts of food products inspection 
certificates show that the amount and 
severity of the decay of artichoke buds 
in transit vary with the temperature. 
Almost always the decay is heaviest in 
the two upper layers of car-lot ship- 
ments, and in these it is most severe at 
or near the doors. The following are 


typical reports: ‘“‘Ten per cent decay 
in fourth and fifth Jayers; none in lower 
three”; or ‘‘Decay in two top layers, 
40 to 60 per cent; in lower two, 2 per 
cent,” or ‘Practically no decay in 
boxes near bunkers; 30 to 50 per cent 
in boxes at doors” and ‘Two top 
layers, all buds decayed; two bottom 
layers, slight decay.”’ The direct tem- 
perature relation is shown by the tem- 
perature report for the last above- 
mentioned car, in which the tempera- 
ture of the artichokes was 21° C. at the 
top of the load in the door, 11° at 
the bunker, and 4.5° at the bottom 
of the load at the bunkers. 


RELATION TO MOISTURE IN THE FIELD 
AND IN TRANSIT 


The experiments show that while 
moisture ranks second to wounds as a 
limiting factor for infection by Botrytis 
spores, it ranks first as a limiting 
factor for mycelial growth and infec- 
tion by mycelium. For sporulation, 
however, changes in humidity are more 
important than continuous humidity. 

Botrytis rot is generally reported as 
serious in sections having abundance of 
foggy weather or in other sections 
during foggy seasons. Since few regions 
offer such consistently favorable condi- 
tions as the Pacific coast, this probably 
accounts for the prevalence of Botrytis 
rot in vegetable shipments from Cali- 
fornia. The artichoke sections of Cali- 
fornia lie within the coastal belt of 
California where fogs are a daily occur- 
rence, so characteristic that the coop- 
erative growers association markets its 
best brand of artichokes under the 
trade name “Fog-Kist.’”’ During the 
growing season fogs drift in from the sea 
every afternoon and are not dissipated 
until late the next morning, so that 
vegetation is thoroughly wetted at 
least once daily.® 

The artichoke buds are packed in 
paper-lined boxes which are generally 
loaded into iced cars. In the early part 
of the season buds are packed in iced 
drums. It was found that condensa- 
tion of water frequently takes place in 
the buds when the boxes are first 
placed in the iced cars and that often 
the buds are moist when they are 
unloaded in receiving markets. There- 
fore moisture conditions in transit are 
also favorable for mycelium develop- 
ment, sporulation, infection, and devel- 
opment of lesions. 





5 U.8. Dept. of Agriculture, Weather Bureau. SUMMARY OF THE CLIMATOLOGICAL DATA FOR THE UNITED 


STATES, BY SECTIONS. 
¢PaLmeER, A. H. 


REPRINT OF SECTION 14, CENTRAL AND SOUTHERN CALIFORNIA. 25 p., ILLUS. 1912. 
FOG ALONG THE CALIFORNIA COAST. Mo. Weather Rev. 45: 496-499, illus. 1917. 
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CONTROL OF THE DISEASE 


Two lines of control suggest them- 
selves. The first and most effective, if 
it were possible, is prevention of con- 
tamination and, to a lesser extent, of 
primary infection in the field; the 
second is prevention of primary spore 
infection and of secondary contamina- 
tion and infection in transit. 

There was no opportunity for trial 
of protective sprays or dusts. In 
general, these have not been very suc- 
cessful in combating diseases caused by 
Botrytis sp. The greatest promise of 
control in the field lies in sanitary 
measures, such as the destruction of 
plant trash. Yet, even though scrupu- 
lous sanitation in the artichoke fields 
would very much lessen the amownt of 
contamination, it would not necessarily 
eliminate Botrytis entirely, since coastal 
California weather conditions allow the 
fungus to grow saprophytically and 
parasitically on a great range of wild 
and cultivated plants. Maintenance 
of the low temperatures which can be 
obtained in the best refrigerator cars 
can not completely control the disease 
because even though low temperatures 
above the freezing point of the buds 
retard infection, development, and 
spread of the disease, they do not con- 
trol it completely, since the fungus can 
grow at temperatures low enough to 
injure and freeze the buds. More- 
over, low humidity controls primary 
spore infection as well as secondary 
contamination and infection much 
more than do low temperatures. In- 
fection by spores or by mycelium was 
not obtainable at any temperatures 
unless the buds were kept in a humid 
atmosphere. Unfortunately, equip- 
ment was not at hand to determine 
just what humidity is necessary for 
spore germination and for infection by 
spores and mycelium. Control of 
humidity in refrigerator cars at present 
is difficult, because the present method 
of cooling cars by melting ice inevitably 
leads to a humid atmosphere. 

Since these experiments show that 
even though spore germination and 
growth can take place at temperatures 
between —2° C. and 5°, and since in- 
fection by spores (the primary method of 
infection) does not take place at tem- 
peratures below 5°, much _ infection 
might be prevented if it were possible to 
get the buds cooled to this temperature 
immediately after cutting. Once in- 
fection has taken place, growth of the 
fungus and the infection by mycelium, 
for which wounds are not essential, 
can take place at temperatures ranging 
from —2° to 32°. Commercially sig- 


nificant lesions can develop in infected 
buds at 0° during the 10 to 15 days 
necessary to get the buds to eastern 
markets. Nevertheless, maintenance 
of a temperature of about 5° C. is de- 
sirable, as preventing secondary infec- 
tion by spores, retarding growth of the 
fungus, and lessening secondary infec- 
tion by mycelium. 

Though some tearing of the tips of 
scales takes place during growth and a 
large wound must be made when the 
buds are cut from the plants, more 
careful handling of the buds during 
harvesting and packing could eliminate 
a great deal of wounding. 

Control of the disease is therefore a 
complex problem, and responsibility 
for losses in transit or storage is divided 
among all those who handle the crop. 
Growers should keep fields and their 
environs free from plant trash. The 
packer should avoid packing buds 
which show discolorations and lesions, 
since there are indications that buds 
cut in badly infested fields are more 
heavily contaminated than those from 
clean fields. He should not mix badly 
contaminated and clean buds, should 
handle them with the greatest care to 
avoid wounding, and should pack with- 
out delay and cool them at once to 
about 5°. The carrier should provide 
the most rapid car movement possible, 
because each additional hour increases 
the chances of infection with the con- 
sequent danger of larger and more 
numerous lesions. He should also pro- 
vide a temperature of about 5° while 
the buds are in transit, and try to pre- 
vent saturation of the atmosphere in 
the car. It is of advantage to the 
dealer to receive this stock quickly. 
He should then keep it in fairly dry, 
refrigerated places if it must be held 
any length of time. 


SUMMARY 


1. Arot induced by a Botrytis of the 
cinerea type causes serious transit 
losses of shipments of Globe artichoke 
buds from California. |Morphologi- 
cally, the Botrytis strains isolated from 
the artichoke (except culture No. 255 
from the interior of a frozen stem) 
seem to be identical with those generally 
obtained from other vegetables. Cross 
inoculation tests lend additioha: weight 
to the .view tkat. a Botrytis.of the 
‘cinerea. type is .esponsible for practi- 
cally all Botrytis ret of vegetables. 

2. Although disease is oi practically 
no importance in tue artichoke fields 
so far as quality and quantity of 
marketable buds are concerned, the 
fields are the original source of con- 
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tamination, where the fungus attacks 
vigorous growing plants to some 
extent, occurring much more frequently 
on aging plants and on plant trash. 

3. The fungus has a wide tempera- 
ture range, its minimum lying below 
—2° C., its optimum between 22° and 
25° C, and its maximum at about 30° 
to 33° C. Infection was obtained 
experimentally throughout the tem- 
perature range of the fungus. It is 
obtained more readily below’ the 
optimum than above it. The rate of 
development of lesions is greater below 
ar optimum than above it. 

The temperature reactions of the 
ama are essentially the same on 
both agar and bud scales. Mycelium 
can cause infection without wounds at 
all temperatures within its tempera- 
ture range, whereas wounds are neces- 
sary for infection by spores. 

5. Moisture is the principal limiting 
factor for both spore and mycelium 
infection. High humidity followed by 
a decrease in humidity leads to sporu- 


lation. Temperature and_ especially 
moisture conditions in the artichoke- 
producing section of California are 
favorable for the growth of Botrytis 
with consequent contamination of the 
buds. 

6. Control involves field sanitation 
and possibly protective spraying or 
dusting of the buds; also careful 
handling to avoid unnecessary wounds 
in harvesting and packing. 

7. Control also involves the main- 
tenance of low humidity and of 
temperatures of about 5° C. in transit, 
although even at this temperature 
complete control is not possible after 
infection has occurred, because the 
decay, when once started, progresses 
at —2°, the freezing temperature of 
the buds. 

8. Responsibility for losses in transit 
or in storage is not single, but generally 
rests severally upon growers, packers, 
shippers, carriers, and storage men, 
each of whom could contribute some 
measure of prevention. 
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THE DEPTH DISTRIBUTION OF THE ROOT-KNOT 


NEMATODE, HETERODERA RADICICOLA, 
IN FLORIDA SOILS! 


By G. H. Goprrey ? 


Pathologist, 


Office of Cotton, Truck, and Forage Crop Disease Investigations, 


Bureau of Plant Industry, United States Department of Agriculture 


INTRODUCTION 


In any measure taken to decrease the 
number of root-knot nematodes in the 
soil, one of the factors that must be 
taken into consideration is the depth at 
which they occur. Whatever treat- 
ment may be given, whether chemical, 
heat, or cultural, must be applied with 
the idea of reaching the large majority 
of the parasites, or its effectiveness will 
be greatly diminished. The experi- 
ments described in this paper were 
designed to give a rough determination 
of the relative root-knot nematode con- 
tent of certain soils at different depths, 
and at different seasons. 


LITERATURE 


Only the most general information on 
this subject is available in the nematode 
literature. Cobb ® indicates, in regard 
to soil-inhabiting nematodes in general, 
that they are likely to be most abund- 
ant near the surface and gradually 
decrease in numbers as the depth in- 
creases. Atkinson‘ found root knots 
on parsnips and tomatoes 15 to 18 
inches below the surface of the ground. 
Larve released from such knots would 
naturally increase very greatly the 
numbers of nematodes at that 
depth, for a time at least. Bessey 5 
stated, in connection with the over- 
wintering of the organism, that the 
nematodes probably descend into the 
lower levels of the soil to avoid the 
cold. No exact information on this 
point appears to be available. Frank ® 
mentioned the occurrence of galls on 
deep rooted plants, and discussed the 
possibility of there being a positive 
geotante due to gravitation. 


METHODS 


The general methods followed in 
this experimental work were to collect 
soil samples at the desired depths from 
thoroughly infested soils and to grow 
plants susceptible to root-knot in them 
under uniform conditions. The num- 
ber of distinct knots that appeared on 
the roots within a given period was 
taken as an index of the number of 
nemas in the soil, the results being 
naturally purely relative. It was as- 
sumed that a sample producing twice 
as many knots as another sample had 
relatively twice as many nemas capable 
of producing infection. This assump- 
tion need not be exactly correct in 
order that the general results be com- 
parable. 

The soil samples were taken in suc- 
cessive layers at depths of 1 to 2 inches, 
3 to 4 inches, 5 to 6 inches, 7 to 8 inches, 
9 to 10 inches, 11 to 14 inches, 15 to 
18 inches, 19 to 22 inches, 23 to 26 
inches, 27 to 30 inches, and 31 to 34 
inches, respectively. The samples were 
taken in quadruplicate, each sample 
being sufficient to fill a 6-inch flower pot. 

In collecting the samples every pre- 
caution was taken to avoid contami- 
nating any lot with soil from another 
level. A V-shaped trench was dug to 
a depth of 34 inches. This is indicated 
diagrammatically in Figure 1. With 
a large, flat trowel the 1- to 2-inch 
sample was taken from the top of the 
soil at one end of the trench, and the 
excess soil to that depth lifted and dis- 
carded. After taking the sample, the 
trowel was sterilized by dipping in a 
boiler of hot water. Then the next 
layer was removed, the trowel sterilized, 
and so on until the 11 sets of samples 
were taken. 


1 mecstvel an publication May 5, 1924—issued January, 1925, 


2The writer acknowledges credit due to Dr. G 


. Armstrong, now of the Missouri Botanical 


Garden, St. Louis, Mo., for an active part in this and ae nematode problems of the South during the 


summers of 1920, 1921, and 1922, 
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For the first series of experiments 
the samples were placed in cloth bags 
covered with a double wrapping of 
heavy waxed paper. These were 
packed in canvas bags, the four samples 
from each depth together, and the 
entire lot packed in crates and shipped 
to Washington. The soil was then 
placed in 6-inch pots under good grow- 
ing conditions in the greenhouse, and 
set to tomato seedlings, three to a pot. 
In about six weeks, when the earliest 
infections had reached maturity, and 
before the production of any secondary 
infections, the plants were removed, 
the roots washed, and readings taken 
on number of root knots per pot. 

In the second series of experiments 
the soil samples were collected direct 
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Smith, who, because of his long con- 
tact with the nematode experimental 
work, had a very good conception of 
relative degrees of infestation. It 
was found by a few counts that such 
estimates were sufficiently accurate 
for the purpose. 

Unfortunately, some features of 
these experiments that should ordi- 
narily have received more attention had 
to be neglected, owing to the pressure 
of work elsewhere. 
















RESULTS 


In the first series of experiments, 
made with an extremely sandy loam soil 
at Brooksville, Fla., collections and 
plantings were made at intervals of a 
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from the field into 6-inch pots, and 
the tomato plants grown in them in 
the propagation houses at the Plant 
Introduction Garden at Brooksville, 


a. 

As stated above, the measure of the 
relative nematode content of the 
various soil samples was the number of 
knots that developed on the roots of 


the tomato plants grown in them. At ° 


first actual counts were made. Based 
on these counts, a scale was adopted 
to indicate the relative numbers as 
follows: 1 to 100 knots, few; 100 to 
200, medium; 200 to 400, numerous; 
400 to 600, very numerous; above 600, 
extreme. The experiments conducted 
the second year were based not on 
actual counts but on_ estimates, 
recorded in the terms just cited. 
These estimates were made by Robert 


Fic. 1.—A diagram representing the trench dug for collecting soil samples at different depths 








little more than.a month, a total of 10 
being conducted from June 28, 1920, 
to May 27, 1921. The soil samples 
tie ay st were shipped to Washing- 
ton, D. C., and plantings of tomatoes 
made in the greenhouse. At approxi- 
mately six weeks after planting, in each 
case, the plants were lifted, the roots 
carefully washed, and notes taken on 
the relative abundance of root-knot 
infestations. 

The chart (fig. 2) shows graphically, 
the relative depth distribution of the 
root-knot nematodes at different dates. 
In examining this chart it should be 
borne in mind that differences in infes- 
tation may not be significant as séa- 
sonal variations. More probably any 
great difference between one month and 
the one preceding or following it, for 
example, is due to distinct differences 
























July 1 


in ni 
spot 
take 
thes 
wide 
natu 
diffe 
wert 
seve 


F 


ae ae ae” ae ee, ae 





No. 2 


con- 
antal 
n of 

It 
such 
irate 


of 
rdi- 
had 
sure 


nts, 
soil 
and 
of a 











July 15, 1924 


Depth Distribution of Root-Knot Nematode 95 





in nematode content of the particular 
spots of ground where the samples were 
taken. For this series of experiments, 
these spots were unfortunately in 
widely different parts of the field, which 
naturally introduces an uncontrolled 
difference factor, even though the spots 
were chosen in each case on account of 
severe infestation in the crop preceding. 
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abundant below the tenth inch, and 
were numerous to the maximum depth 
examined, 34 inches. In August they 
were numerous down to 18 inches, and 
were present in medium or less quanti- 
ties to the full depth. In September 
they were extremely abundant in the 
first 14 inches of soil depth. @ From De- 
cember to April the nemas appear to 
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Fig. 2.—Depth distribution of root-knot nematodes in sandy loam soil at Brooksville, Fla., from June 28, 


1920, to May 28, 1921. 


The shading indicates the approximate number of knots that developed on 


tomato plants grown in the soil samples. The results are the average of four samples. The curve 
connects central points of regions of maximum infestation. Temperatures in degrees centigrade at 2 and 
12 inch depths are also given, these figures being the average for the week preceding date of collection of 
the sample, at the Plant Introduction Station at Brooksville, Fla. 


The differences in nematode content 
between the different depths in the same 
spot in the field are within a reasonable 
degree reliable. The regions of maxi- 
mum infestation, in the different spots, 
as determined by samples taken at 
different times, therefore, are roughly 
comparable. These regions were, on 


the whole, several inches beneath the 
surface. 


In June the nemas were most 


have been less numerous throughout 
the soil than in the summer months, as 
might very well be expected. During 
that period the temperature was below 
that shown by experiment to be favor- 
able for infection and development, and 
probably a large proportion of the 
many free larve and eggs may have 
succumbed to the many unfavorable 
conditions to which in all probability 
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they were subjected. Little is known 
of the actual bionomics of this nema- 
tode in its free state within the soil, of 
its movements and responses to various 
stimuli, of its relations to other forms 
of soil life, ete. 

The temperatures, recorded on the 
chart for the 2- and 12-inch depths, 
show a considerable drop between Oc- 
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15°. The curve drawn in the chart 
between the centers of regions of max- 
imum infestation should indicate any 
marked seasonal movement, if such 
occurred. While there appears to be 
a slight depression in the curve during 
the winter months, it is probably not 
sufficiently great to be significant. If 
similar nematode distribution data and 
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Fic. 3.—Depth distribution of root-knot nematodes in sandy loam or so-called ‘“‘hammock land,” with a 
heavy clay subsoil, on United States Plant Introduction Garden at Brooksville, Fla., June 28, 1920, to 


May 28, 1921 


tober and December, but in all proba- 
bility not enough to have much effect 
on the vitality of the organisms. The 
minimum temperature for the winter 
months at the 2-inch depth, 8° C., 
occurred on January 16 and again on 
February 26, 1921. The lowest weekly 
average at this depth was 17°, and the 
lowest weekly average at 12 inches was 


temperature records were secured in a 
region farther North, where freezing 
temperatures in the upper layers of soil 
occur, it is possible that they would 
show a significant seasonal movement 
of the nematodes in the soil. 

Figure 3 gives the experimental data 
on nematode infestation at various 
depths on hammock land at the Plant 
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July 15, 1924 
Introduction Garden at Brooksville, 
Fla. Here the upper soil is a fertile 


sandy loam and the subsoil a heavy 
sticky clay. The subsoil very obviously 
limits the spread of the nematodes 
downward. Here, again, extreme vari- 
ation from one month to another is 
shown, due no doubt to the actual 
difference in nematode content of the 
different areas sampled. 
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soil, considerable infestation occurs to 
the maximum depth sampled. The 
regions of maximum infestation are on 
the whole, near the surface, though 
below the ordinary plow depth. In 
some of the samples, notably those of 
October, 1921, and March, 1922, very 
abundant infestation was present deep 
in the soil. 
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Fic. 4.—Depth distribution of root-knot nemetate in sandy soil at Brooksville, Fla., from April 25, 1921, 


to May 


Figure 4 shows the results of an ex- 
periment in which sandy soil from vari- 
ous depths in a root-knot infested field 
at Brooksville, Fla., was sampled and 
potted, and planted with tomatoes, at 
the Plant Introduction Garden. The 
results in root-knot infestation were 
recorded by estimates of the relative 
numbers of knots present on the roots. 
As in the first year’s samples of sandy 





5, 1922 


Experiment No. 4 was conducted in 
a similar manner to and simultaneously 
with experiment No. 3, except that 
Brooksville hammock land soil was 
used. The monthly variations in depth 
of the regions of maximum infestation, 
as shown in Figure 5,are certainly not 
significant, as regards seasons, and are 
obviously due to variations in the soils 
sampled. This is indicated by com- 
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paring this chart with Figure 3 in 
which depths of maximum infestation 
are distinctly different for the same 
months. 


SUMMARY 


Root-knot nematodes are often very 
numerous to a depth greater than that 
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of the water table; (4) the type of the 
soil and the subsoil. The influence of 
such factors may be so great as to over- 
shadow any seeming seasonal change, 
or at least any that may occur between 
one month and the next. In winter 
months a considerable reduction in 
total root-knot nematode content of 
the soil appears to be evident. 
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Fic. 5.—Depth distribution of root-knot nematodes on ‘‘ hammock land” soil at the United States Plant 
Introduction Garden at Brooksville, Fla., from April 25, 1921, to May 5, 1922 


ordinarily reached by a plow. A con- 
siderable variation from one spot to 
another and from one month to an- 
other occurs in the depths of the 
regions of maximum infestation. Many 
factors no doubt enter into this, such 
as (1) differences in depth penetration 
of infested roots; (2) the relationship 
of time of taking soil samples to a 
period of heavy rainfall; (3) the height 


It is possible that regular seasonal 
movement does not occur to any great 
extent unless temperatures approach- 
ing freezing occur in the upper layers 
of soil. The experiments described 
here indicate that, in order to arrive 
at conclusive results in this regard, a 
large number of samples taken from 
different nematode-infested areas would 
have to be tested. 














ADDITIONAL COPIES 
OF THIs PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 


WASHINGTON, D. C. 
AT 
10 CENTS PER COPY 
SUBSCRIPTION PRICE, $4.00 PER YEAR (DOMESTIC) 
$5.25 Per YEAR (FOREIGN) 


Vv 





